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ABSTRACT 


This  report  briefly  describes  the  conventional  methods  of  lofting 
and  fabricating  ships  parts  and  presents  concepts  for  replacing 
these  methods  with  mathematical  lofting  and  numerically  controlled 
or  automatic  processes . 

Presented  are : 

Specifications  for  numerically  controlled  flame  and 
plasma-arc  cutting  machines 

Design  concepts  and  specifications  for  stretch  forming 
machines 

Design  concepts  and  specifications  for  a  machine  for 
cutting  shell  plate  after  forming 

Procedure  for  making  a  cost  analysis  of  the  proposed 
process 

Recommendations  are  made  for  continuing  development  of  the  new 
concepts  presented  toward  the  goal  of  reducing  ship  construction 


costs . 
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Contract  NObs-4427  has  as  part  of  its  Initial  goal  the  ”...  determination 
of  the  most  desirable  control  media  and/or  the  economical  attainment  of 
niimerical  control  for  automatic  burning /marking  machines,  frame  bending 
machines,  rolls,  presses,  etc.,  for  operations  that  are  now  performed 
manually,  or  for  machines  that  now  require  templates  in  their  non-automatic 
operations .” 

The  Contract  further  required  the  "The  machine  control  media  selected 
should  be  compatible  with  computer  fairing  methods  ...”  as  developed  in 
another  phase  of  the  contract  work  and  ”...  be  capable  of  development 
directly  from  information  developed  by  these  methods...”. 

We  have  reviewed  conventional  lofting  and  fabrication  processes  which 
require  templates  in  their  operation  to  determine  the  requirements  for  a 
full  mathematical  lofting /numerically  controlled  fabrication  process. 

Numerically  controlled  flame  cutting  machines  are  presently  available, 
and  preliminary  specifications  for  such  machines  have  been  presented. 

Conventional  forming  processes  were  not  found  to  be  directly  adaptable 
to  numerical  control.  However,  the  stretch  forming  process  as  used  in 
aerospace  industries  appeared  to  offer  a  practical  method  of  forming  by 
numerical  control.  Shell  plate  and  frame  forming  machines  were  conceived, 
and  the  conceptual  designs  and  preliminary  specifications  have  been 
presented . 

The  mechanics  of  forming  shell  plate  by  the  stretch  forming  process 
required  that  the  plates  be  cut  to  size  after  forming.  A  new  method  for 
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defining  Che  geometry  of  these  plates  was  developed,  and  a  machine  for 
cutting  after  forming  was  conceived.  The  method  and  conceptual  design 
of  the  machine  for  cutting  after  forming  has  been  presented. 

Numerically  controlled  marking  and  layout  methods  have  been  described 
and  methods  have  been  given  for  preparing  reduced-scale  graphical  lines 
or  full-scale  templates  by  ntanerlcal  control. 

The  economies  of  numerical  control  were  discussed  only  briefly,  as  the 
work  had  not  been  carried  Co  the  extent  where  any  cost  determinations 
and  production  rates  could  be  established.  A  procedure  was  presented 
for  making  an  analysis  of  economies  when  the  cost  and  production  data 
Is  determined. 

It  has  been  concluded  that  a  total  mathematical  lofClng/numerlcal  control 
fabrication  process  appears  feasible. 

Recommendations  are  made  that  mechanical  and  economic  feasibilities  of 
processes  and  concepts  such  as  Chose  presented  be  Investigated  further. 
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Section  I 


UmODUCTION 


The  purpose  of  this  report  Is  to  present  preliminary  specifications  and 
conceptual  designs  for  numerically  controlled  or  automated  equipment  to 
replace  those  which  now  require  templates  In  their  operation.  In  addition 
a  cost  analysis  procedure  Is  presented  for  determining  the  economies  of 
numerically  controlled  fabricating  equipment. 

To  provide  a  better  understanding  of  the  processes  and  equipment  considered 
for  replacement,  conventional  methods  are  first  reviewed  In  Section  II. 

The  numerically  controlled  or  automated  counterparts  to  this  conventional 
system  are  then  presented  In  Section  III.  The  economics  of  the  numerically 
controlled  process  Is  discussed  briefly  In  Section  IV. 

Though  the  work  was  not  carried  to  completion*  (that  Is,  feasibility  and 
costs  were  not  determined),  certain  conclusions  are  drawn  from  the  work 
accomplished.  These  conclusions  together  with  the  recommendations  are 
presented  In  Section  V. 


*Contract  NObs-4427  had  as  part  of  Its  Initial  goal  the  "determination 
of  the  most  desirable  control  media  and/or  the  economical  attainment  of 
numerical  control  for  bumlng/marklng  machines,  frame  bending  machines, 
rolls,  presses,  etc.,  for  operations  that  are  now  performed  manually  or 
for  machines  that  now  require  templates  In  their  non-automatic  operation." 

The  contract  further  required  that  "The  machine  control  media  selected 
should  be  compatible  with  computer  fairing  method..."  as  developed  In 
another  phase  of  the  contract  work  and  "be  capable  of  development  directly 
from  Information  developed  by  these  methods...". 

Work  proceeded  on  this  aspect  of  the  contract  from  March  1,  1961,  until 
July  1962.  During  this  time,  cutting  and  forming  machines  were  conceived 
and  preliminary  specifications  were  written  for  various  numerically  con¬ 
trolled  shipyard  fabricating  equipment.  In  June,  the  Bureau  of  Ships 
determined  that  this  work  had  been  completed  to  the  extent  desired,  and 
the  work  was  discontinued. 
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Section  II 


KKVIBW  OF  COMVENIIOlUkL  LOFTIHG  AND  FABRICATING  PROCESSES 

GRAPHICAL  HULL  FORM 

In  the  conventional  lofting  process  the  loftsman,  starting  with  the 
preliminary  lines  drawing  and  station  offsets  as  furnished  by  the 
Naval  Architect,  lays  down  and  fairs  graphically  a  full-  or  reduced- 
scale  body  plan.  To  be  able  to  define  the  structural  parts  of  the 
ship,  he  must  also  lay  out  on  this  body  plan  the  frame  lines,  stringer 
location,  innerbottom  contours,  shell  sight  edges,  deck  Intersection, 
shaft  center  lines,  etc.  A  typical  body  plan  as  laid  down  is  shown  In 
Fig.  Il-l.  The  work  of  obtaining  all  the  hull  contours  shown  requires 
a  great  many  approximations,  cross  checks,  and  adjustments.  Only 
when  this  extensive  procedure  is  completed  Is  the  loftsman  ready  to 
start  defining  the  ship's  parts  for  cutting,  forming  and  marking. 

CUTTING  PARTS 

The  loftsman  prepares  graphical  templates  of  the  parts,  either  full 
scale  or  reduced  scale,  by  merging  the  dimensional  Information  given 
on  the  structural  working  drawings  with  the  lofted  lines.  These  tem¬ 
plates,  depending  upon  the  type  produced,  can  then  be  used  to: 

Layout  and  cut  the  parts  manually 

Layout  and  cut  the  parts  semi -automatically,  or 

Guide  automatic  cutting  machines  with  tracer  controls. 

These  methods  usually  Involve  a  sequence  of  duplicated  operations,  each 
with  contributing  error  possibilities.  The  final  result  Is  often  less 
than  desired. 
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The  conventional  loftsman  also  prepares  either  reduced-  or  full  scale 
templates  for  use  as  patterns  In  bending  and  forming  plates  and 
structural  shapes  to  suit  the  hull  contours . 

With  these  templates,  plates  and  structural  shapes  are  formed  on 
pyramid  rolls,  hydraulic  or  mechanical  presses,  special  bending  machines, 
or  they  are  hot  formed  to  templates  or  Jigs.  Forming  parts  In  this  man¬ 
ner  Is  relatively  slow  and  as  a  result  Is  costly.  Errors  In  contour, 
which  often  occur.  Increase  erection  costs. 

DBVEU)FMENT  WORK 

Templates  are  required  for  cutting  shell  plates,  bilge  keels,  and  built- 
up  longitudinal  stringers.  Because  these  parts  are  usually  trimmed 
prior  to  contouring  the  loft  must  determine  the  "Flat  Flate"  pattern. 

This  Is  usually  done  by  a  procedure  known  as  trlangulatlon  or  center 
squaring.  Under  the  best  of  conditions  this  Is  only  an  approximation 
of  the  actual  size  and  shape  and  Is  largely  dependent  on  the  skill  of 
the  loftsman. 

1«1RK1NG  A  LAYOUT 

The  loft  Is  further  called  upon  to  provide  Information  for  marking  and 
Identifying  the  location  of  the  parts,  and  for  locating  sections  for 
erection.  All  of  this  Information  Is  taken  from  the  loft  lines  and/or 
working  drawings,  and  Is  provided  to  the  production  forces  as  markings 
on  the  templates,  as  wooden  battens  scribed  to  Indicate  distances,  or 
In  the  form  of  tabulated  dimensions. 

Though  this  system  works  with  reasonable  success,  there  Is  a  desire 
throughout  the  Industry  for  more  automatic  and  foolproof  methods. 
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Section  III 


MAIHIltt.TIC4L  LORIIIG  AMD  MUMBEICALLY  COMIBOLUD  FABRiaTlOM  PROaSSIS 

MAIHIMATICAL  LORIMG 

To  determine  the  hull  contour  Informetlon  required  In  the  numerlcelly 
controlled  febrlcetlon  processes,  s  method  has  been  developed  for 
methemstlcelly  lofting  the  ship.* 

This  method  produces  surface  equations  describing  the  hull  form  from 
which  the  loftsman  can  obtain  mathematical  descriptions  for  frame  lines, 
stringer  locations,  shell  plate  sight  edge,  deck  intersection,  and  most 
of  those  Items  which  the  loftsman  locates  on  his  body  plan.  In  effect, 
the  graphical  representation  of  the  body  plan  has  now  been  replaced  with 
an  analytic  one.  In  practice,  however,  a  body  plan  Is  considered  desir¬ 
able,  and  therefore  procedures  have  been  developed  whereby  the  lines  can 
be  drawn  or  scribed  by  an  automatic  plotting  machine.** 

The  speed  and  accuracy  with  which  this  can  be  accomplished  has  been 
demonstrated  In  the  aerospace  Industry. 

CinriNG  PARTS  BY  HUKBRICAL  CONTROL 

To  replace  the  graphical  templates  used  In  conventional  cutting  processes, 
a  system  for  programming  a  numerically  controlled  flame  cutting  machine 
has  been  developed.*** 

*Thls  method  Is  reported  on  In  complete  detail  In  Ref.  1. 

**Ref.  1  gives  the  procedure  and  computer  program  to  accomplish  this  by  a 
plotter  on-line  with  a  computer.  The  procedure  and  computer  programs  to 
plot  by  numerical  control  on  an  on-line  plotter  Is  Included  In  Ref.  2. 

***Thls  system  Is  presented  In  complete  detail  In  Ref.  2. 
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Several  tape  controlled  flaae  cutting  machines  have  been  built:  one  in 
the  United  States  and  three  known  to  be  in  production  in  lurope.* 

Prellmioary  specifications  for  numerically  controlled  flame  or  plazma- 
arc  cutting  machines  (Appendix  A)  were  developed  with  the  cooperetion 
of  Air  Reduction  Co.  and  Linde  Co.  These  specifications  were  written 
to  include  plasama-arc  cutting  because  this  new  process  holds  such 
great  promise  for  reducing  cutting  time  and  costs,  numerical  control 
appears  to  be  the  most  logical  smans  to  direct  a  plazma-arc  torch  for 
contour  cutting. 

FORMUG  PARTS  BY  NUMERICAL  CONTROL 

Conventional  forming  machines  (brakes,  rolls  and  benders)  are  more 

difficult  to  convert  to  numerical  control  because: 

Most  forming  is  basically  sectional:  the  machine  forms  one  section 
of  the  part  and  then  moves  to  another  section,  and  so  on  until  the 
complete  part  is  formed. 

The  formed  plate  or  shape  "springs  back"  from  the  die  or  forming 
tool,  requiring  the  part  to  be  initially  bent  to  a  curvature 
greater  than  the  template  so  that  it  will  fit  the  template  when 
it  springs  back. 

One  hydraulic  press  brake  manufacturer  (Pacific  Industrial  Manufacturing 
Company)  was  given  specifications  for  a  numerically  controlled  press 
brake.  They  reported  that  they  felt  such  a  machine  could  be  built,  but 
the  design  work  would  have  to  be  sponsored.  We  understand  that  other 
press  and  frame  bender  manufacturers  are  or  have  been  developing  such 
equipment,  but  to  date  we  are  not  aware  of  any  successes  in  this  regard. 

Because  work  is  being  done  by  others  in  an  effort  to  nisnerlcally  con¬ 
trol  existing  types  of  equipment,  and  because  of  the  above-cited  pro¬ 
blems  inherent  in  the  forming  methods,  the  Project  investigated  other 
forming  methods  which  might  prove  more  suitable  (Ref.  4). 


*These  machines  have  been  described  in  Ref.  3. 
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The  etreteh  foralng  process  being  used  extensively  in  the  eerospeee 
industry  was  selected  as  having  the  best  potential  for  forming  ships' 
parts  by  numerical  control.  Osing  this  process,  a  conceptual  design 
for  a  stretch  press  for  forming  ships'  fraises  was  developed  (Appendix  B). 

The  major  problem  to  be  overcome  in  applying  this  stretch  forming  pro¬ 
cess  to  frame  bending  was  to  develop  a  die  which  could  be  adjusted  by 
ntaneric  inputs  to  conform  to  the  shape  of  the  frame  or  plate  desired. 

A  position  control  mechanism,  employing  a  spline  to  obtain  a  fair  curve 
or  several  splines  to  obtain  fair  surfaces  was  conceived.  This  "Posi¬ 
tion  Control  for  Multiple  Tools"  is  described  in  the  invention  dis¬ 
closure  in  Appendix  B. 

From  these  investigations  and  design  work,  preliminary  specifications 
were  written  for  digitally  controlled  frame  and  plate  forming  stretch 
presses  (Appendix  B). 

The  control  data  for  the  stretch  forming  process  can  readily  be  ob¬ 
tained  from  the  mathematical  loft  in  the  form  of  punched  tape  or  cards, 
or  as  tabulated  data  for  manual  input*. 

These  coordinates,  directly  applied  to  the  contouring  mechanism,  offer 
a  very  accurate  means  for  forming  control. 

CUmiC  AFTSB  FOBMIllG 

In  the  stretch  press  method  of  forming,  excess  material  must  be  left 
on  the  ends  of  parts  for  the  gripping  devices.  It  will  probably  also 
be  necessary  to  leave  excess  on  the  edges  of  plates  to  be  formed.  As 
a  consequence,  plates  formed  by  the  stretch  press  method  will  have  to 
be  cut  to  size  after  forming  (versus  cutting  prior  to  forming  as  in 
conventional  process). 

*The  method  for  obtaining  this  information  is  described  in  Bef.  1 
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A  burning  mchln*  wm  therafora  naaded  idileh  could  cut  tha  adgaa  of 
shall  plata  neat  while  In  a  fonaed  condition,  since  manual  cutting 
of  these  edges  would  probably  render  the  entire  process  uneconomical. 
Further,  It  did  not  appear  economical  to  design  an  expensive,  special- 
purpose,  numerically  controlled  burning  machine  to  cut  only  these 
plate  edges. 

▲  new  method  of  defining  shell  plates  has  been  developed  In  which  the 
edges  must  be  seen,  In  projection,  as  a  straight  line.  This  permitted 
the  development  of  an  economical,  special-purpose  cutting  machine  for 
cutting  shell  plate  after  forming*. 

lAYOUT  AND  MAIKING 

The  mathematical  loft  can  readily  furnish  all  the  Information  required 
for  either  manual  or  automatic  marking. 

There  are  several  marking  processes  under  development  for  numerically 
controlled  flame  cutting  machines,  such  as  automatic  center  punching. 

The  Information  for  actuating  such  devices  can  readily  be  obtained 
and  programmed  Into  the  numerically  controlled  operating  tape. 

A  full-scale,  numerically  controlled,  X-T  plotter  has  been  developed 
by  the  Burmeister  Wain  Company  of  Copenhagen,  Denmark,  for  laying  out 
and  marking  large  subassemblies.  This  plotter,  which  looks  like  a 
bridge  crane,  projects  a  beam  of  light  through  crosshairs  to  locate  mark¬ 
ing  points  -  these  points  are  then  centerpunched  and  ringed  with  paint. 

• 

*Appendlx  C  describes  in  detail  this  new  method  and  the  cutting  machine. 
Also  Included  are  the  specifications  for  the  machine  and  Invention 
disclosures  covering  the  method  and  the  control  device  required  for 
the  cutting  machine. 
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Th*  project  wee  verbally  advised  chat  the  design  is  available  for 
purchase,  or  Burmeister  Wain  will  construct  a  machine  on  order.  (The 
unit  was  described  in  greater  detail  in  Kef.  3.) 

The  control  tapes  for  operating  this  type  of  starklng  machine  can  be 
readily  prepared  using  a  programsing  system  such  as  presented  in 
Kef.  2. 

AOJUSTABU  JIGS 

Adjustable  positioning  Jigs  are  required  in  the  use  of  the  above- 
referenced,  full-scale  X-Y  plotter,  in  order  to  support  contoured 
sections  in  an  approximately  horizontal  position.  Adjustable  Jigs 
can  also  be  used  to  position  sections  for  welding.  The  heights, 
for  setting  such  Jigs,  are  also  readily  obtainable  from  the  mathe¬ 
matical  loft. 

PKEPAKATION  OF  GBAPHICAL  TBMPUTKS  FKOM  MmSH&TlCAL  LOFT 

Fending  development  and  general  use  of  numerically  controlled  forming 

machines,  it  will  be  necessary  to  use  conventional  forming  equipment. 

Templates  for  the  present  forming  process  can  be  produced  by  the 

mathematical  loft  in  several  ways. 

Offsets  can  be  generated  from  which  full-scale  lines  can  be  laid 
down  and  full-scale  graphical  templates  made 

Curves  can  be  plotted  (or  scribed)  in  reduced  scale  for  direct 
use  with  optical  marking  or  burning  equipment. 

A  niaeerically  controlled  burning  machine  can  be  used  as  a  full- 
scale  plotter  to  draw  or  scribe  templates  by  replacing  the 
torch  with  a  pen  or  scribing  tool. 
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Section  IV 


ECOmOIS  OP  MUNniDLL  OOMTIOL 


The  economies  of  e  full  methemetlcel  loft/numerlcelly  controlled  febrl- 
cetlng  procesa  ere  yet  to  be  determined. 

Mumerlcelly  controlled  flame  cutting,  through  production  testing,  appears 
economically  competitive  now  end  has  s  potential  for  being  Improved, 
whereas  conventional  methods  have  about  reached  their  maximum  capabilities. 

The  economies  of  the  stretch  forming  and  flame  cutting  equipment  conceived 
under  this  Project  can  be  determined  after ; 

Machine  design  work  Is  completed 
Feasibility  Is  established 
Acquisition  costs  are  determined 
Production  rates  are  kiuwn 

When  this  Information  Is  known,  each  potential  user  can  then  evaluate 
each  process  In  relation  to  his  own  projected  work  load,  facility  costs, 
amortization  rates,  etc.  Based  upon  such  Individual  circumstances, 
each  user  may  then  elect  to  use  all  or  any  part  of  the  process. 


*"A  Procedure  to  Istabllsh  a  Cost  Analysis  and  Cos^arlson  Between  Different 
Production  Methods"  (Technical  Beport  7.1.0)  Is  Included  as  Appendix  B. 


Section  V 


COMCLDSIOXS  AMD  UCOMHKllDATIONS 


COMCUISIOXS 

The  mechenlcel  feasibility  of  numerically  controlled  flame  cutting  has 
been  adequately  demonstrated.  Zconomic  feasibility  remains  to  be 
determined . 

From  the  limited  investigation  and  development  work  accomplished,  it 
appears  mechanically  feasible  to  replace  other  mechanical  fabrication 
processes,  now  requiring  graphical  templates  in  their  operation,  with 
numerically  or  automatically  controlled  equipment.  Manual  processes 
requiring  loft  information  and  not  subject  to  automating  can  obtain 
that  same  information  from  a  mathematical  loft  as  is  presently  derived 
from  the  graphical  loft. 

Combining  numerically  controlled  processes  with  those  requiring  templates 
is  feasible  and  practical.  For  any  combination  where  cutting  is  by 
numerical  control,  it  would  be  advantageous  to  loft  the  ship  mathe¬ 
matically.  Where  stretch  press  forming  is  used,  it  is  almost  mandatory 
to  mathematically  loft  the  ship. 

SSOOMMBNMTKmS 

No  further  effort  need  be  expended  on  determining  the  mechanical  feasibility 
of  ntmerically  controlled  flame  cutting.  However,  the  economies  of  a  full 
production  system,  though  appearing  favorable,  are  as  yet  unknown.  A 
pilot  installation  in  a  shipyard  could  provide  this  necessary  information. 

The  mechanical  and  economical  feasibility  of  other  numerically  controlled 
fabrication  processes  should  be  determined  to  the  extent  necessary  to 
demonstrate  the  advantages  or  disadvantages  of  such  processes. 
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URtEMCES 


1.  Todd  Shipyards  Corporation,  Mathamatical  Shin  Lofting. 

Tart  1.  OP«g*tlPg  Manual.  Taehnleal  Baport 

1.0.0,  Mar  1963  (Vol  2  of  Final  Saport,  Contract  M0b8-4A27) 

2.  Todd  Shipyards  Corporation,  Ft02ramlgg,J2S£SL.£2L  Ewwrically 

>1^  of  aiips  yarts  -  Qparating  Manual. 

Tachnical  Baport  5.0.0,  Mar  1963  (Tol  4  of  Final  Eaport  ondar 
Contract  10)8-4427) 

3.  Todd  Shipyards  Corporation,  SuBnarv  of  Froyress  to  Juna  1.  1961. 
(Prograaa  laport  Mo.  1,  Contract  MObs-4427  -  Cosaputar  Fairing 
and  Muotarical  Control  of  Machinery) 

4.  Todd  Shipyards  Corporation,  Stata-of-tha-Art  Studies  on  yrocasses 
Conaidared  for  the  Fabrication  of  Shin  Farts  Under  Miaital  Control. 
Tachnical  Baport  3.1.0,  by  Bruce  L.  laird,  8  Jun  1962  (Contract 
llDba-4427) 
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PULDfZlUIT  8?BCZFICAT10IIS 

iniiiEicm.r  ocnniOLLiD  rum  ot  plasma-akc  cdttiiig  mcHxns 


I.  SCPPI 

A*  iiSSSSft 

Td  provld*  tMtaelv*  dMcrlptlon  And  pcrfonane*  spcelficAtloiM 

for  plot*  cutting  aoehlnoo  to  aoot  tho  roqulroaonto  of  tho  ohip- 

bulldlng  induotry. 

1.  CUoolflcdtton 

Plato  cutting  iMchlnao  shall  ba  of  tha  following  typos  and  slsas. 

Typaa  and  alsaa  ara  at  tha  option  of  tha  cuatoaar. 

1.  Sat 

a.  Typo  F  -  flam  cutting  mchlna,  employing  two  almultanaoua 
moving  torchhaada  (oxygon  -  fual  gaa)  anabllng  cutting  of 
two  mirror>lmga  workplacaa. 

b.  Typo  P  -  plaraa  arc  cutting  mehlna,  employing  two 
almultanaoua  moving  torchhaada  (alectrleal  arc  In  gaa 
stream)  anabllng  tha  cutting  of  two  nlrror-iauiga  work¬ 
places  . 

2.  81aa 

a.  81aa  10  -  working  width  -  10  feat 

b.  8lBa.:. working  width  feat 
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1.  Baalcallv 

To  cut  under  any  mode  of  operation  almultaneoualy  with  two 
torchea : 

a.  By  flaiae  cutting  proceaa  - 

Flat  platea  made  from  carbon  and  low-alloy  steels. 

b.  By  plasma-arc  cutting  process  - 

Flat  plates  made  from  carbon  and  low-alloy  steels, 
stainless  steels,  and  aluminum. 

2.  Flexibility 

a.  While  not  a  requirement.  It  would  be  highly  desirable 
to  use  four  (4)  Instead  of  two  torchheads  In  order  to 
simultaneously  cut  four  plates  of  six  feet  maxlmisB 

width  each. 

b.  Besides  cutting  contoured  parts  under  tape  control, 
machine  must  be  able  to  cut  rectilinear  plates  using 

manual  controls  only. 

c.  It  Is  also  desirable  to  build  the "machine  In  such  a 

way  that  optical  tracer  control  may  be  adapted  at  any 
later  time.  This  feature  Is  at  the  option  of  the 

machine  builder. 

d.  While  It  is  a  requirement  to  have  two  torchheads  cutting 
simultaneously  but  In  opposite  directions  to  cut  mirror- 
images  of  two  plates  of  maximum  (12  ft)  width.  It  Is 
also  desirable  to  make  both  torchheads  isove  simultaneously 
and  In  the  same  direction  to  cut  two  alike  plates  of 
maximum  width.  This  feature  preferably  should  also  apply 


to  the  four  torehheede  cutting  plates  of  half<«ldth. 


e.  Units  of  Measurement  - 

All  length  measurements  (for  X  and  Y  axes)  are 
to  be  conaanded  In  Inchea  and  decimals  thereof,  with 
a  resolution  of  .01  Inch.  It  may  also  be  required 
to  have  all  length  measurements  In  feet  and  decimals 
thereof.  In  which  case  the  resolution  Is  .001  feet 
(".012  Inch).  Disregarding  the  decimal  point,  this 
requirement  can  be  easily  met  by  Increasing  the 
number  of  teeth  on  the  proper  ratio-giving  gear  of 
the  position  transducer  by  a  factor  of  1.2. 

The  alternate  employed  Is  at  the  option  of  the 
customer. 


II.  APPLICABLE  SPECIFICATIOMS 


A.  MMTBA  Electrical  Standards 


B.  EIA  Electrical  Standards 


C.  JIC  Hydraulic  Standards 

D.  MAS  Machine  Axis  Homenclature 
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III.  BKODIRKMEIITS 


Manufacturers'  contractual  obligations  for  design  and  function  of 
■achlne . 

A.  Deslan 

The  dimensions  and  capacities  are  applicable  to  all  types  and 
sites  of  machines.  The  machine  shall  be  of  the  moving  tool 
(torchhead),  stationary  table  type. 

The  machine  builder  has  the  choice  of  configuration,  such  as 
bridge  type  or  cantilevered  type  crossrail. 

B.  Capacity 

1.  Tjae 

a.  T3rpe  F  -  Torches  shall  employ  the  flame  cutting 
process,  using  oxygen  and  fuel  gas. 

b.  Type  P  -  Torches  shall  employ  the  plasma-arc  cutting  process 
using  electrical  arc  In  gas  stream. 

2.  Site 

Dimensions  and  capacities  as  shown  In  Table  1  are  applicable 
to  all  types  of  machines. 

3.  Feed 

Feedrates  as  shown  In  Table  2  are  applicable  to  all  sizes 
of  machines. 

4.  System  Accuracy 

Accuracies  as  shown  In  Table  3  are  applicable  to  all  types 
and  sizes  of  machines. 
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TABU  1 


DUmiSIOIIS  AMD  CAPACITIES 
(Mlnlaum  R«qulr«manta) 


Item 

Sine  10 

Slae  . 

Marking  width* 

2  (3  10  feet 

...  &  ...  feet 

Morklng  length 

Cuatomer'a 

option 

Material  thlckneaa*** 

2  Inch 

. inch 

Torch  rlae  and  fall 

5  Inch 

. Inch 

Rotation  of  torch  about 
vertical  axle  (360°  turna) 

unlimited 

unlimited 

Rotation  of  torch  about 
horlsontal  axla 

+  45®  from 
vertical 

+  45®  from 
vertical 

MoCes : 

*Two  (2)  working  areaa  of  apeclfied  width  arranged  aide  by  aide. 

Min.  length  36  feet.  Componenta  to  allow  aaaeaibly  to  any  greater 
length  In  Incrementa  not  larger  than  four  (4)  feet.  Machine  builder 
to  apeclfy  baalc  length  and  length  of  Incrementa. 

Maxlmtan  thlckneaa  of  any  apeclfied  material  to  be  cut  with  two  (2) 
torchheada  at  optlmxim  apeed.  Allow  a  reduction  to  half  the  thlckneaa 
when  cutting  with  four  (4)  torchheada. 
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TABLE  2 


FEED  RATES 


(Minimum  requlraments , 

unleaa  otherwlae  a 

tated) 

It«m 

Tvoe  F  fFlame) 

Type  F  (Plasma-arc) 

Cutting  £«ed 

5-35  IPM 

10  -  300  IFM 

Rapid  traverse 

150  IFM 

300  IFM 

Jogging  feed 

5  IFM  max.  or 
.01"  per  smallest 
manual  comsuind 

5  IFM  max.  or 
.01”  per  smallest 
manual  coamuind 

Torch  rlae  and  fall  speed 

20  IFM 

20  IFM 

Speed  of  rotation  of  torchhead 
about  vertical  axis 

40  RFM 

80  RFM 

Cornering  ipeed,  programmed 

20  IFM 

40  IFM 

TABLE  3 


SYSTEM  ACCOBACIES 


Minimum  Inaldc  corner  radius 
(depending  on  kerf) 


»  tteyf  die.  .  JL 

min  2  32 


Minimum  outside  corner  radius 
(for  corners  progremned  as  sharp 


^in  "  32 


Linear  accuracy  in  X-T  plane: 

Any  point  within  any  12  x  12  ft 
area,  deviation  from  true 

location*  +  .020" 

Accumulation  for  every  additional 

12  foot  length*  +  .015" 

Torch  tip  to  workpiece  distance 

(required  for  bevel  cuts)**  +  15X 

Cut  edges  perpendicular  to  X-Y  plane  +  2-1/2° 

Angular  position  of  torch  about 

vertical  axis  */**  .f  5O 

Linear  velocity  of  torch  in  any 

horlxontal  direction**  +  5X 


Notes : 

*Wlth  indicator  mounted  on  torch 
**In  reference  to  consaanded  data 


(inch) 
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CoMtructlon  of  Hachtne 


1.  Machim  ahall  b*  consCructad  to  comply  with  the  requirements 
of  Section  III,  end  with  the  Inspection  end  acceptance  tests 
of  Section  IV. 

2.  (hrossrall  shall  be  of  sufficient  else  to  permit  storing  of 
any  Inactive  torchheads  without  reducing  the  cutting  width 
below  the  specified  minimum. 

3.  Machine  shall  provide  clearance  for  loading  and  unloading 
of  ataxlmum  else  workpieces,  both  vertically  from  overhead 
and  horlaontally  from  both  ends. 

4.  Machine  shall  be  furnished  with  supports  enabling  the 
alignment  of  the  X-axls  tracks  and  with  supports  carrying 
the  power  supply  hoses  and  cables  over  the  full  travel 
range.  The  purchaser  will  be  required  to  supply  the 
foundation  for  these  supports  or  for  any  other  detached 
components . 

5.  Machine  shall  be  supplied  with  an  operator  control  station, 

having  a  mlnionm  of  control  functions,  which  will  move  with 

the  carriage  along  the  X-axls.  These  functions  shall  be: 

Start  -  Stop 
Torch  on  -  off 
Torch  rise  and  fall 
Gas  pressure 
Arc  energy  controls 

6.  Machine  shall  also  be  supplied  with  stationary  emergency 
button  et  a  convenient  location  of  the  machine.  This  button 
to  stop  all  feed  movements  and  shut  off  oxygen  or  electric 
arc  supply. 
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7.  Machine  shall  be  furnlahed  complete  with  all  control  cablaa, 
power  cables.  Junction  boxes,  control  panels,  frequency 
converters,  starters,  hoses,  piping,  tubing,  reels,  operator's 
stand,  and  any  other  Items  required  to  complete  the  Installa¬ 
tion. 

The  purchaser  will  be  required  to  supply  services  to  the 
machine  or  control  panel  as  the  case  may  be,  and  make  the 
connections  at  this  place  only.  All  other  Inter -connect Ions 
to  be  furnished  by  the  machine  builder. 

8.  The  purchaser  will  be  required  to  supply  the  work  table 
and  Its  foundation  (optional) . 

9.  Machine  shall  be  supplied  with  reference  position  readouts 
for  the  full  capacity  of  the  Z-  and  T-axes.  Readouts  must 
give  the  position  of  the  torchheads  In  reference  to  an 
adjustable  system-zero  to  the  resolution  and  accuracy  of 
the  system,  and  must  be  engaged  at  all  times  (optional). 
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D.  Control 


1.  MUmuol  Adluatmonto 

Machine  ahall  provide  manually  adjue Cable  devlcea  for  the 

following  ftinctiona: 

a.  Adjuat  torch  to  compenaate  for  variations  in  kerf  width. 

b.  Adjust  torch  vertically  to  obtain  Che  torch-tip  to  table 
surface  distance,  as  specified  in  Table  1. 

c.  Disengage  any  torch  head  from  Che  mechanism  driving  it 
in  the  Y-axis. 

d.  Reverse  the  direction  of  the  torchhead  movement  along 
the  T-axis  (optional). 

2.  Automatic  Adlustments 

Machine  shall  provide  automatic  control  of  Che  following 

functions: 

a.  Maintain  the  manually-set  torch-tip  Co  plate  distance  over 
the  entire  cutting  cycle.  Raise  torches  whenever  oxygen 
or  electrical  arc  supply  is  shut  off. 

b.  Autoutic  machine  stop  when  cutting  flame  falls  to  pierce 
plate. 

c.  Synchronize  electric  power  and  gas  flow  with  Che  torch 
feed  race  to  obtain  Che  best  ratio  between  these 
variables.  Feature  needed  to  maintain  an  accurate  cut 
at  reduced  speed,  such  as  is  required  for  sharp  turns. 
(Plasma-arc  torch  only.) 
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3.  Mu— rtcal  Control 
«.  Controll«d  A— 

1.  Machine  shall  be  equipped  with  a  continuous  path 
numerical  control  system  for  controlling  the 
X  (longitudinal),  Y  (transverse),  and  c  (tordi 
rotation)  axes. 

ii.  The  system  shall  be  capable  of  controlling  the 
functions  individually,  or  any  coobination  of 
them  simultaneously. 

b.  Desian 

i.  The  control  system  shall  be  complete  with  tape 
transport  — chaniam  and  necessary  control 
circuitry  installed  within  the  control  cabinet, 
ii.  The  system  shall  be  such  that  control  of  auxiliary 
functions  such  as  outlined  in  Section  XII. D. 3. d 
can  be  progras— d  as  desired, 
ill.  Tape  synchronization  adjust— nt  controls  for  the 

program— d  start  position  of  the  various  controlled 
— tiona  shall  be  located  convenient  to  the 
operator. 

iv.  The  —chine  shall  be  controlled  by  binary-coded 
deci— 1,  1"  8-channel  perforated  tape,  per  EIA 
Standard. 

v.  A  feed  rate  override  shall  be  provided  at  the 
operator's  panel  which  will  permit  variation  of 
the  program— d  feed  rate  to  at  least  plus  or  minus 
SOX,  within  the  specified  absolute  limits  per  Table  2. 
vl.  A  dwell  ti—  override  shall  be  provided  at  the 
operators  panel  (no  limits). 
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c.  Manual  Mod*  ef  Opratlon 

Gonereli  shall  parmlt  tha  axaeutlon  of  ths  following 
oparatlons  alaultanaously  or  ssfuantlally  whars 
daslrabls: 

1.  Adjust  karf  compsnsating  dsvlcs 

11.  Adjust  torch  tip  to  plats  dlstsncs 

111.  Satract  and  lowsr  torch 

Iv.  Adjust  all  gas  prsssurs,  flow  ragulstlng,  and 
slsctrlcal  powar  ragulatlng  davleas  for  cutting 
torches 

V..  Mova  torches  under  rapid  traverse,  cutting  feed 
rata,  or  by  Jogging  to  any  point  within  tha 
travel  limits 

vi.  Adjust  setting  of  preheat  flame 

vll.  Start  and  stop  flow  of  oxygen  and  fuel  gas  for 
the  flame  torch  or  electrical  power  end  gas 
for  the  plasma -arc  torch 

vlll.  Ignite  flame  torch 

lx.  Actuate  plate  marking  mechanism 

X.  Switch  over  to  tape  control 

d.  Tape  Control  Mode  of  Operation 

Controls  shall  permit  the  execution  of  the  following 
operations : 

1.  Govern  path  of  travel  during  cutting  cycle 

11.  Govern  feed  rate  during  cutting  cycle  (subject  to 
manual  override). 
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ill.  Govern  path  of  travel  when  In  rapid  traverse 

lv>  Start  and  stop  flow  of  oxygen  and  fuel  gas  for 
the  flame  torch,  or  electrical  power  and  gas  for 
the  plasma -are  torch. 

V.  Ignite  flame  torch 

vi.  Actuate  plate  marking  mechanism  without 
interrupting  cutting  cycle 

e.  Safety  Devices 

Each  machine  ahall  be  furnished  with  suitable  safety 
devices  of  the  latest  type.  Parts  which  are  hasardous 
to  the  operator  shall  be  suitably  guarded  where  practical. 
Ample  protection  against  electrical  shock  shall  be  pro¬ 
vided.  Safety  stops  limiting  extreme  travel  of  carriage 
(gantry)  and  torchheads  are  to  be  installed. 

f .  Interchangeability 

All  replaceable  parts  shall  be  constructed  to  definite 
standards,  tolerances,  and  clearances  in  order  that  any 
such  part  may  be  replaced  or  adjusted  without  requiring 
modification.  Where  practicable,  such  parts  shall  be 
permanently  and  legibly  marked  with  the  manufacturer's 
part  number. 
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IV.  niSPKCTlOil  AKD  AOCIPTMICK 


A.  Claailftcation  of  iMti 

1.  Variflcatlon  of  roqulranonta  of  Soctlon  III. 

2.  Tolerance  Teeta,  Section  IV. C. 2. 

3.  Performance  Teata,  Section  IV. C. 3. 

B.  Teat  Conditions 

Each  machine  ahall  be  tested  under  the  following  conditions 

as  specified  under  Ordering  Data  (Section  VI) : 

1.  At  manufacturer's  plant  by  sianufacturer,  with  verified 
test  results  furnished  customer. 

2.  At  manufacturer's  plant  witnessed  by  customer 

3.  At  customer's  plant 

C.  Test  Details 

1.  Check  required  Items  specified  In  Section  III.  not  covered 
In  Section  IV. 

2.  Tolerance  Tests  per  later  submitted  detailed  Instructions. 

3.  Performance  Tests  -  These  tests  are  (1)  for  testing  the 
function  accuracy  of  the  machine  under  actual  cutting 
conditions,  and  (2)  to  prove  the  performance  of  the  tape 
transport,  the  machine  control  unit,  the  machine  drive  and 
feedback  units,  and  cutting  torches. 
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V.  OFERATIWG  i*"  tiwtai.t.atIOM  DATA 

Th«  numufacturar  thall  furnish  s  copy  of  ths  following  dots  for 

sseh  purchsaod  asehlns.  Additional  eoplao  ihall  ba  furnlahad  at 

purchaaar'a  option. 

A.  Sealad  plan  vlaw,  front  alavatlon  and  and  alavatlon  with 
major  dlaanalona,  eonalatlng  of  all  work  apaca  claaranca 
dlmanalona,  ovarall  halght,  width,  and  langth  dlnanalona,  and 
dlnanalona  of  parlpharal  agulpoMnt,  auch  as  control  cablnata. 

B.  Cartlflad  foundation  and/or  Inatallatlon  drawings,  showing 
location  and  slsas  of  all  raqulrad  sarvlcas  whara  appllcabla. 
Drawings  to  ba  furnlahad  sixty  days  prior  to  shlpmant. 

C.  Maintenance  Manual 

D.  Operator's  Manual 

E.  Parts  List,  including  recommended  spare  parts  list 

F.  Electrical  wiring  and  schematic  diagram  to  EIA  electrical 
standards 

G.  Hydraulic  and  pneumatic  circuit  scheiaatlc  to  JIC  standards 
(If  applicable). 

VI.  ORDERING  DATA 

A.  Customer's  option,  per  classification  (Section  I.B.) 

B.  Customer's  option  of  unit  of  measurement  (Section  I.C.2.d) 

C.  Customer's  option  on  Acceptance  Tests  (Section  IV. B) 

D.  Preservation  and  Packing 

E.  Shipping  Instructions 
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STRETCH  PRESSES  -  DESIGN  CONCEPTS  AND  SPECIFICATIONS 
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FEATURES  OF  THE  PROPOSE!)  STRETCH  PRESS 


I.  All  machine  parts  located  above  floor  level,  to 
avoid  entrance  of  sea  water  at  low  elevations. 

II.  Flush  floor  without  pit,  to  avoid  accumulation  of 
dirt  or  fluids. 

III.  Uasy  access  to  all  moving  parts  of  the  machine. 

IV.  Novel  control  system  (see  Disclosure  of  Invention) 
allows  economical  use  of  digital  control. 

V.  System  equally  well  suited  for  manual  or  tape  control. 

VI.  Frame  with  controls  independent  of  load>earrying 
structure,  maintaining  accuracy  without  using  excess 
material. 

• 

VII.  Extension  rods  allow  the  forming  of  any  specified 
length  material. 

VIII.  tide  use  of  concrete  as  a  low-cost  material  for 
the  structure. 

IX.  All  major  parts  of  the  machine  under  tension  or  com- 
X)ression,  for  best  use  of  material  properties. 

X.  Use  of  modular  components,  enabling  lower  cost  in 
their  fabrication. 

XI.  Reduced  shipping  costs  by  pouring  concrete  into  steel 
shells  on  the  installation  site. 

XII.  Existing  Shipyard  equipment  is  sufficient  to  handle 
the  machine  components  for  installation. 
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STEPS  POR  THE  ERTiCTION  OP  THE  PROPOSED  STRETCH  PRESS 


I.  Pour  conoroto  foundation  (1)  to  floor  levol  with 
tonsion  rods  (2)  in  place* 

II.  Dry  for  tvo  veeks. 

IIIk  Erect  steel  shells  for  anchors  (3)  and  beam  supports  (4) 
IV*  Erect  steel  shells  for  compression  beams  (5)* 

* 

V.  Fill  all  shells  (3}»  (4),  and  (5)  vith  concrete* 

VI,  Dry  for  two  weeks* 

VII*  Erect  machine  proper  (6)  and  installations  (7)* 

VIII*  One  month  after  last  pouring  of  concrete,  machine 
is  ready  to  operate  under  full  load* 
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SUMMARY 


Daseripcion  of  a  device,  consisclng  of  tha  required  minimum  number  of  adjuscabla 
controls,  eonnaecad  with  a  spline  to  obtain  a  faired  curve;  and  any  daslrabla 
number  of  followers,  arranged  to  align  themselves  automatically  to  the  spline  at 
Intermediate  locations. 

Sarvo'controllad  power  drives,  suitable  for  adjusting  and  holding  tool  segments 
under  load,  conforming  to  the  desired  curve. 

I.  PROBLEM 


The  problem,  as  existing  on  machines  with  multiple  adjustable  tool  segments 
which  are  arranged  In  a  faired  curve.  Is  treated.  It  Is  assumed  that  the 
fairing  was  done  previously  by  either  graphical  or  mathematical  methods. 

The  tool  segments  In  the  machine  may  be  arranged  to  allow  forming  of  two- 
or  three-dimensional  workpieces. 

The  great  number  of  adjustable  segments  required  to  obteln  workpieces  of 
sufficient  smoothness  causes  the  following  difficulties: 

A.  Manual  adjustments  require  considerable  time  and  prevent  the  machine 
from  being  used  efficiently. 

B.  Automatic  adjustments  require  a  transducer  drive  system  for  each 
segment  resulting  In  high  equipment  cost. 


II.  EXISTING  METHODS 


Forming  machines  with  adjustable  die  segments  to  eliminate  the  need  for 
one-purpose  dies  are  already  proposed.  Some  of  them  use  e  template  and 
servo-valves  to  control  the  die  adjustment.  A  templste  is  usable  for  only 
one  particular  shape,  and  many  templates  have  to  be  made  and  stored  If 
this  technique  is  applied  to  shipbuilding. 

Others  are  proposed  with  manual  control  of  the  individual  tool  segments 
which  is  extremely  time  consuming.  Also,  In  such  a  system,  acceas  to  the 
adjusting  devices  may  be  problematic. 

Still  other  machines  .are  proposed  with  control  by  stored  nisncric  data,  in 
which  case  the  format  of  such  storage  may  be  too  great  to  be  practically 
handled . 
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Signed  ./  . 
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Werner  Lauper  Invdntor 
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II.  EXISTING  METHODS  (Cent.) 

Conventional  machines  using  one*purpoae  dlea  are  not  dlacuased  here,  alnce 
the  Involved  tool  costs  are  too  high  for  shipbuilding. 


111.  DESCRIPTION  OF  A  NEW  METHOD 

If  the  desired  form  follows  a  faired  line,  only  a  fraction  of  Che  required 
tool  segments  need  to  be  controlled.  A  flexible  beam  of  constant  cross 
section,  such  as  used  in  lofting  (in  tha  following  referrad  to  as  "splina") 
is  adjusted  laterally  on  known  tactical  points,  much  the  same  way  as  fairad 
lines  are  produced  graphically. 

Servo'devlces  pick  up  the  lateral  position  of  spline  sections  between  con* 
crol  points  to  position  hydraulic  cylindea  automatically . 


IV.  AN  APPLICATION  OF  THIS  IgTHOD 


Fig.  1  shows  the  arrangement  of  Che  discussed  elements  as  applied  to  a 
stretch  press. 

A  machine  frame  (1)  holds  control  unit's  (2)  which  sre  spaced  along  Che 
length  of  Che  spline  (3).  Between  control  units,  one  or  more  follower 
units  (4)  are  placed,  separated  by  Che  desired  spacing.  Tools  (S)  are 
attached  to  all  of  Che  units. 

In  the  example,  a  workpiece  (6)  is  held  in  tensioning  devices  (7),  to  be 
shaped  to  a  curve  as  directed  by  Che  bent  spline. 

Fig.  2  shows  one  each  of  Che  control  and  follower  units. 

On  the  control  unit  a  dial  or  automatic  drive  (8)  rotates  a  screw  (9)  to 
position  a  nut  (10)  to  a  commanded  height.  Guide  rollers  (11)  hold  the 
spline  (3)  at  this  height,  while  Che  latter  is  free  to  move  lengthwise. 

A  servo-valve  spool  (12)  is  also  connected  to  Che  nut  and  moves  along 
its  axis  within  the  valve  body  (13).  A  pressure  port  (14)  is  covered  by 
Che  upper  land,  and  an  exhaust  port  (15)  by  Che  lower  land  of  the  spool, 
with  Che  latter  in  i,cs  neutral  position.  The  valve  body  is  fixed  to  a 
moving  cylinder  (16),  which  is  guided  by  a  stationary  piston  (17).  Hole 
or  pipe  (18)  connects  cylinder  and  central  port  of  valve. 

Signed  ^ 
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Werner  Lauper  Inventor 
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IV.  AN  APPLICATION  OF  THIS  METHOD  (Cent.) 

With  Che  spool  in  Its  neutrsl  position,  no  hydraulic  fluid  can  pass  to 
or  from  the  cylinder,  vhich  is  held  In  its  position.  Lowering  the  spool 
will  keep  Che  pressure  port  closed  and  open  Che  exhaust  port,  draining 
sufficient  fluid  from  Che  cylinder  to  drop  the  latter  and  Che  valve  body 
until  equilibrium  is  established.  Lifting  the  spool  will  uncover  Che 
pressure  port  while  keeping  Che  exhaust  port  closed,  allowing  more  fluid 
to  enter  Che  cylinder  and  lift  the  same  together  with  Che  velve  body, 
until  again  equilibrium  is  established. 

Forces  exerted  on  each  Cool  (5)  are  trensmitted  through  Che  fluid  and 
piston  directly  to  the  floor,  not  deflecting  the  machine  frame  (1). 

The  follower  unit  consists  mainly  of  Che  seme  parts  as  Che  control  unit, 
except  for  Che  input  device.  The  spline  locates  Che  spool  of  the  servo* 
valve,  initiating  movements  aa  described  beforehand. 


V.  DESIGN  VARIATIONS 

In  contrast  to  the  shown  application,  Che  spool  In  Che  servo>valve  may  be 
spring-loeded  against  one  side  of  Che  spline.  This  would  allow  Che 
retraction  of  all  tool  segments  with  Che  spline  in  its  pre*seC  position 
simply  by  bypassing  Che  valves  and  draining  Che  fluid  from  the  cylinders. 

Instead  of  using  a  direct  circuit  as  shown,  low-pressure  pilot  valves 
may  actuate  high-pressure  valves  on  Che  cylinders. 

Also,  in  contrast  to  Che  shown  two-dimensional  application,  splines  can 
be  arranged  in  a  network,  allowing  three-dimensional  parts  to  be  formed. 


Fig.  3  is  a  plan  view  and  Fig.  4  a  front  view  of  such  an  installation. 

Splines  (19)  and  (20)  are  two  out  of  ell  main  splines  along  Che  one  axis. 
They  are  adjusted  on  convenient  points,  such  as  (21),  (22),  (23),  and  (24). 
These  are  the  only  adjusting  points  for  Che  area  within.  Splines  (25)  and 
(26)  are  two  of  the  main  splines  arranged  perpendicular  to  (19)  and  (20). 
Servo-splines  such  as  (27),  (28),  and  (29)  are  arranged  between  main 
splines . 

Swivel  Joints  (30)  are  placed  on  crossing  points  between  splines  to  keep 
them  at  a  constant  distance  and  prevent  twisting.  Guides  (31)  help  to 
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V.  DESICW  VARUTIOHS  (Cont.) 

kesp  the  splines  separated  horisontally.  All  splines  are  free  to  nova 
longitudinally. 

Servo'devicea  (32)  are  placed  on  IntersceClons  of  splines  and  centerlines 
such  as  (33),  (34),  and  (35).  It  can  be  seen  in  the  example  that  for  the 
area  between  points  (21),  (22),  (23),  and  (24)  a  total  of  twentyflve 
servodevices  are  governed  by  the  spline  network,  while  only  few  position 
adjustments  have  to  be  made. 

If: 

M 

X 

V 

y 

n 

X 


then : 

Number  of  adjusting  points;  ** total  “  **x  *  **y 

and ; 

Number  of  adjustable  tool  segments: 

"«t.l  ■  [",  *  "«  <«x  ■  ‘>1  '  [",  *3 

VI,  ACVANTAGES  OF  THIS  INVENTION 


>  number  of  main  splines  in  the  X>exls 

•  number  of  main  splines  in  the  T-exls 

•  number  of  servo>points  In  line  between  two  main  T'splines 
-  nusdier  of  servosplines  bettmen  two  mein  X>splines 


A.  With  the  machine  manually  controlled,  much  time  can  be  saved,  since 
only  a  fraction  of  the  tool  segments  have  to  be  positioned,  while  the 
remainder  follows  automatically. 

B.  With  the  machine  automatically  controlled,  considerable  cost  savings 
result,  since  a  substantial  part  of  it  la  in  the  position  transducers 
and  their  number  is  reduced. 
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VI.  ADVAMTACIS  OF  THIS  IMVIMTION  (Cont.) 

C.  Reduced  format  of  data  to  be  atored  enablat  tmallar  memory  devleea 
In  the  control  ayttem,  with  further  aavlnge  potelble. 

D.  The  arrangement  elimlnatea  the  need  for  onfpurpoae  templataa  aa 
required  by  other  temp late •controlled  machlnea.  Thla  ahould  reault 
In  eonalderable  time  and  material  aavinga  and  alao  allminatea  a 
atoraga  problem. 

In  the  foregoing,  comparlaon  waa  made  only  with  other  eontrola  ualng 

Individually  adjuatabla  tool  aagmanta. 


VII.  MOVE LIT 


Machlnea  with  temp late •control lad  tool  aagmanta  ware  already  propoaad. 
The  uaa  of  a  apllna  for  graphically  aatabllahlng  faired  curvaa  la  a 
known  practice. 

However,  the  combination  of  both  elamanta  bringa  new  advantagaa  beyond 
the  capabllitiaa  of  the  exlating  methoda.  Such  a  combination  waa,  to 
our  knowledge,  never  propoaed  before. 

Therefore,  it  is  claimed  that  a  control,  which  Incorporataa  a  apllna, 
aeveral  adjusting  devices,  and  aervo^davlces  as  daacribad  in  thia 

Signed  // 

this  day  of  TZ  .vc;./^1962 

^  i  <' — it  X  ^ 

Warner  Laupar  Inventor 
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DIGITALLY  COMTEOLUED  STRETCH  PRESS  FOR  SHIPS'  FRAMES 


I.  SCOPE 

A.  Purpose 

To  provide  description  and  perfomance  specifications  for  frame 
forming  machines  employing  the  stretch  press  principle  to  meet 
the  requirements  of  the  shipbuilding  Industry. 

B.  Classification 

Stretch  presses  shall  be  of  the  following  types,  slaes,  and 
classes.  Types,  sixes,  and  classes  are  at  the  option  of  the 
customer. 

1.  Type 

a.  Type  "A"  -  Stretch  press,  employing  adjustable  die 
sections  In  the  Y  axis 

b.  Type  "B"  -  Stretch  press,  employing  numerically  con¬ 
trolled  adjustable  die  sections  In  the  Y  axis. 

2.  Slxe 

a.  Slxe  20  -  Frame  length  ■  8  to  20  ft. 

b.  Slxe  35  -  Frame  length  ■■  8  to  35  ft. 

3.  Class 

a.  Class  1  -  Stretch  press  with  xianually  controlled 
sequencing  of  the  forming  operation 

b.  Class  2  -  Stretch  press  with  semi-  or  full  automatically 
controlled  sequencing  of  the  forming  operation 
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Intended  U<« 


To  fora  under  uttf  mode  of  operation  to  aatheaatlcally  defined 
and  digitally  controlled  contours  frasas  made  from  mild  steels. 
Classes  A,  B,  and  C  (per  Aaerlcan  Bureau  of  ^Ips). 

The  machine  shall  enable  the  gripping  of  any  listed  else  frame 
on  both  ends  and  pre-stretch  It  to  the  yield  point,  whereafter 
the  ram  Is  advanced  while  a  pre -determined  tension  Is 
salntalned. 

D.  Units  of  Measuresant 

All  height  aeasurements  (for  T  axis)  are  to  be  comnanded  In 
Inches  and  deciaals  thereof,  with  a  resolution  of  .01  Inch. 

It  may  also  be  required  to  have  all  height  measurenants  In 
feet  and  decimals  thereof.  In  which  case  the  resolution  Is 
.001  feet  («.012  Inch). 

The  alternate  employed  Is  at  the  option  of  the  customer. 


II  ATPLICABIB  araCIFlCATIOHS 


A.  MMTBA  Electrical  Standards 

B.  EIA  Electrical  Standards 

C.  JIC  Hydraulic  Standards 

D.  WAS  Machine  Axis  Homenclature 
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TABLE  1 


DIMENSIflWS  AND  CAPACITIES 
(Mlninua  Requlrenents) 


Item 


Sl«e  20 


Size  35 


Workpiece  length  *  8-20  feet  8-35  feet 

Maximum  height  of  formed  workpiece 

over  X  Axle  baeellne  4  feet  6  feet 

Minimum  readings  of  curvature. 

Inside  6  feet  6  feet 


(2)  WORKPIECES 


DIRECTION  OF 
TENSION 

TABLE  2 

FRAME  CROSS  SECTIOMS 


Flange 

Flanxe  Thickness 

Web 

Web 

Thickness 

(Sq.  In.) 
Area 

Unequal  Leg  Angles 

Maximum 

8 

1-1/8 

6 

1-1/8 

14.5 

Minimum 

3 

1/4 

4 

1/4 

1.7 

Equal  Leg  Angles 

Maximum 

8 

1-1/8 

8 

1-1/8 

16.7 

Minimum 

5 

3/8 

5 

3/8 

3.6 

Cut  Channels 

Maximum 

4-% 

11/16 

18 

5/8 

14.7 

Minimum 

2-3/8 

7/16 

9 

1/4 

2.8 

^Dimensions  before  forming 

3 


3.0.0 


B-16 


TABLE  3 


FEED  RATES 

(Minimum  requirement*,  unless  otherwise  stated) 


Item 

Pre*tensioning  speed 
Ram  Speed 

Time  to  adjust  all  die  segments* 

Tiaie  to  retur|)  all  die  segments  to 
zero  position 


Type 

"A" 

Type 

"F" 

50 

IPM 

50 

IPM 

25 

IPM 

25 

IPM 

10  minutes  3  minutes 


2  minutes  1/2  minute 


*For  maximum  travel 
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TAMLE  4 


SYSTEM  ACCURACIES 


Linear  accuracy  in  X  axis: 

Any  die  aection  within  any  12  ft  ^  ^ 

length,  deviation  from  true  location  >  .12  inch 

Accuanilation  for  every  additional  ^ 

12  foot  length*  >  .06  inch 


Vertical  accuracy  over  X  axia  baaeline: 

Any  die  aection  tog^aurface,  deviation  ^ 

from  true  location**  -  .015  inch 


Resolution  of  die  movement 


.010  inch 


*Location  of  center  of  cylindrical  surface 
**In  reference  to  coananded  data 
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III.  mcphimpiis 


Manufaeturara '  contracttial  obligations  for  dasign  and  function  of 
machine 

A.  Dasign 

The  dimensions  and  capacities  are  applicable  to  all  types  of 
Buehines . 

The  machine  builder  has  the  choice  of  configuration,  such  as 
position  of  the  workpiece  in  reference  to  the  floor. 

B.  Capacity 

1.  Siae 

Dimensions  and  capacities  as  shown  in  Tables  1  and  2  are 
applicable  to  all  types  and  classes  of  machines. 

2.  Feed 

Feedrates  as  shown  in  Table  3  are  applicable  to  all  siaes 
and  classes  of  machines. 

3.  System  Accuracy 

Accuracies  as  shown  in  Table  4  are  applicable  to  all  types, 
siaes,  and  classes  of  machines. 

C.  Construction  of  Machine 

1.  Machine  shall  be  constructed  to  comply  with  the  requireswnta 
of  Section  III,  and  with  the  inspection  and  acceptance  tests 
of  Section  lY. 
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2.  Machine  ahall  provide  clearance  for  loading  and  unloading  of 
aaxlnuB  else  workpleeee  vertically  from  overhead. 

3.  If  Che  concrete  foundation  le  part  of  the  structure,  sane 
Is  responsibility  of  and  must  be  cast  under  supervision  of 
machine  builder. 

Purchaser  to  provide  Che  additional  foundation  as  isay  be 
required  by  local  soil  conditions. 

4.  Machine  ahall  be  furnished  with  supports  carrying  the 
power  supply  hoses  and  cables  over  Che  full  travel  range. 

The  purchaser  will  be  required  to  supply  Che  foundation 
for  these  supports  or  for  any  other  detached  components. 

5.  Machine  shall  be  supplied  with  an  operator  control  station 
having  Che  minimum  of  necessary  control  functions  within 
easy  reach  of  the  operator. 

6.  Machine  shall  be  supplied  with  Indicating  pressure  gages 
for  ram,  tensioning,  and  gripping  circuit. 

7.  Machine  shall  also  be  supplied  with  stationary  emergency 
button  at  a  convenient  location  of  the  machine,  to  stop 
all  feed  movements. 

8.  Machine  shall  be  furnished  complete  with  all  control 
cables,  power  cables.  Junction  boxes,  control  panels,  hoses, 
piping,  tubing,  operator’s  stand,  and  any  other  items 
required  to  complete  the  Installation. 

The  purchaser  will  be  required  to  supply  services  to  Che 
machine  of  control  panel  as  the  ease  suiy  be,  and  make  Che 
connections  at  this  place  only.  All  other  Inter-connecClons 
to  be  furnished  by  the  machine  builder. 
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9.  Hichlne  «lull  be  furnished  with  gripping  machenieme  which 
allow  to  hold  two  beck-to-back  "L"  eeetione  of  any  specified 
sise  (see  Table  2),  and  allow  to  change  fraise  sizes  within 
capacity  without  aajor  setup. 

10.  Tension  cylinders  to  have  sufficient  stroke  and  power  to 
allow  the  foming  of  the  naxlisum  size  workpieces  as  listed 
in  Table  1. 

11.  Devices  which  allow  the  forming  of  all  Intensediate  lengths 
within  the  capacity  as  listed  in  Table  1  must  be  provided. 

12.  Forming  die  to  consist  of  a  system  of  individually 
adjustable  die  sections,  the  spacing  of  which  is  not  to 
exceed  6-1/2  inches. 

13  Formed  siaterial  between  the  location  of  these  dies  may  follow 
straight  lines  instead  of  the  overall  curvature. 

14.  Radius  of  cylindrical  die  section  surface  to  be  approximately 
10  Inches,  with  its  axis  perpendicular  to  both  Z  and  T  axes. 

15.  Machine  shall  be  furnished  with  two  marking  devices  which 
apply  non-destructive  marks  in  known  dimensional  relation¬ 
ship  to  the  die  sections.  Marks  to  appear  on  the  top  of 
the  workpiece  near  each  grip. 

Oontrols 

1.  Manually  adlusted  die  sections  (Type  "A”  control  only) 

a.  Machine  shall  be  equipped  with  a  manually  adjustable 
and  conveniently  readable  dial  system. 


b.  The  syatea  shall  be  capable  of  controlling  the  die 
sections  Individually  In  any  sequence. 

c.  The  system  anist  allow  the  disengagement  of  any  die 
section  and  keep  same  In  the  retracted  position. 

2.  Wiawrlcally  controlled  die  sections  (Type  "B”  control  only) 

a.  Machine  shall  be  equipped  with  a  polnt>to-polnt  position¬ 
ing  ntnaerlcal  control  system  for  controlling  all  die 
sections  In  the  T  axis. 

b.  The  system  shall  be  capable  of  controlling  the  die 
sections  Individually,  any  nimber  of  them  simultaneously 
or  sequentially. 

c.  The  control  system  shall  be  complete  with  tape  or  card 
reader  and  transport  mechanism,  and  control  circuitry 
Installed  within  the  control  cabinet. 

d.  The  system  must  allow  the  disengagement  of  any  die 
section  and  keep  same  In  the  retracted  position. 

3.  Manually  controlled  formlna  sequence  (Class  1  control  only) 

a.  Manual  controls  must  permit  the  origination  of  all 
Individual  operations  during  the  forming  cycle  In  the 
proper  sequence. 

b.  These  operations  shall  be: 

Pre-tension  material  after  gripping 

Advance  ram  sections,  while  backing  off  on  tensioning 
devices 

Apply  final  tension  after  ram  sections  are  In  position 

Return  all  sMobers  to  starting  position  to  unload 
workpiece 

c.  System  shall  allow  the  actuation  of  the  frame  isarklng 
mechanisms 
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4.  Automatical  1y  coatrolled  fornlna  leawnce  (Class  2 
control  only) 

a.  Automatic  controls  must  Initiate  all  Individual 
operations  during  the  forming  cycle  In  the  proper 
sequence  to  prevlotisly  adjusted  limits  after  starting 
the  cycle  atanually. 

b.  These  operations  shall  be: 

Pre-tension  material  after  gripping 

Advance  ram  sections  while  backing  off  on  tenalon- 
Ing  devices 

Apply  final  tension  after  ram  sections  are  In 
position 

Actuate  frame  marking  devices 

Saturn  all  meiid>ers  to  starting  position  to  unload 
workpiece 

E.  Safety  Devices 

Each  machine  shall  be  furnished  with  suitable  safety  devices 
of  the  latest  type.  Parts  which  are  hasardous  to  the  operator 
shall  be  suitably  guarded  where  practical.  Ample  protection 
against  electrical  shock  shall  be  provided.  Safety  stops 
limiting  extream  travel  of  Jaws  and  tool  sections  are  to  be 
Installed. 

F.  Interchangeability 

All  replaceable  parts  shall  be  constructed  to  definite  standards, 
tolerances,  and  clearances  In  order  that  any  such  part  may  be 
replaced  or  adjusted  without  requiring  modification.  Where 
practicable,  such  parts  shall  be  permanently  and  legibly  narked 
with  the  awnuf acturer ' s  part  number 
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IV.  mSPECTIOM  AMD  ACCEPIAMC3S 


A.  Cl*»alflc«tlon  of  Tests 

1.  Verification  of  requirenenta  of  Section  III. 

2.  Tolerance  Tests,  Section  IV. C. 2. 

3.  Perfonaenee  Tests,  Section  IV. C. 3. 

B.  Test  Conditions 

Each  machine  shell  be  tested  under  the  following  conditions  as 

specified  under  Ordering  Data  (Section  VI): 

1.  At  manufacturer's  plant  by  manufacturer,  with  verified 
test  results  furnished  customer. 

2.  At  manufacturer's  plant  witnessed  by  customer 

3.  At  customer's  plant 

C.  Test  Details 

1.  Check  required  items  specified  in  Section  III.,  not 
covered  in  Section  IV. 

2.  Tolerance  Tests  per  later  submitted  detailed  instructions 

3.  Performance  tests  -  Teses  tests  are  (1)  for  testing  the 
function  accuracy  of  the  machine  under  actual  forming 
conditions,  and  (2)  to  prove  the  performance  of  the 
machine  control  unit,  the  frame  gripping  mechanism,  and 
the  adjustable  die  sections. 
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V.  OPKIAIIMG  AHD  IMSTAmTIOII  DAIA 


The  aenufecturer  shell  furnish  e  copy  of  the  following  data  for 

each  purchased  machine.  Additional  copies  shall  be  furnished 

at  purchaser's  option. 

— X.  Scaled  plan  view,  front  elevation  and  end  elevation  with  major 
dimensions,  consisting  of  all  work  space  clearance  dimensions, 
overall  height,  width,  and  length  dimensions,  and  dimensions 
of  peripheral  equipment,  such  as  control  cabinets. 

B.  Certified  foundation  and/or  installation  drawings,  showing 
location  and  siaes  of  all  required  services  where  applicable. 
Drawings  to  be  furnished  sixty  days  prior  to  shipment. 

C.  Maintenance  Manual 

D.  Operator's  Manual 

E.  Parts  List,  including  recommended  spare  parts  list 

P.  Electrical  wiring  and  schematic  diagram  to  EIA  electrical 
standards 

G.  Hydraulic  and  pneumatic  circuit  schematic  to  JIC  standards 


VI.  («DERI1IG  DATA 

A.  Customer's  option,  per  classification  (Section  l.B.) 

B.  Customer's  option  of  unit  of  measurement  (Section  I.D.) 

C.  Customer's  option  on  Acceptance  Tests  (Section  IV. B.) 

D.  Preservation  and  Packing 

E.  Shipping  instructions 
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PIBLIMIlim  SPECIFICATIONS 
DICmiLT  COmOLUBD  STEBTCH  PRESS  FOK  SHELL  PUTES 


I.  SCOPE 

A.  Purwe 

To  provide  deacriptlon  end  perfomence  epeciflcetlons  for 

plete  forming  mechinee  employing  the  stretch  press  principle 

to  meet  the  reiiulrements  of  the  shipbuilding  Industry. 

B.  Class If Icetlon 

Stretch  presses  shall  be  of  the  following  types  and  classes. 

Types  and  classes  are  at  the  option  of  the  customer. 

1.  Type 

a.  Type  "A”  >  Stretch  press,  employing  laanually  adjustable 
die  sections  In  the  Z  axis 

b.  Type  "B”  >  Stretch  press,  esiploying  numerically  con¬ 
trolled  adjustable  die  sections  In  the  Z  axis 

2.  Class 

a.  Class  1  -  Stretch  press  with  msnually  controlled 
sequencing  of  the  forming  operation 

b.  Claas  2  -  Stretch  press  with  semi-  or  fulI-autosMtlcally 
controlled  sequencing  of  the  forming  operation 
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c. 


Intended 

To  form  under  any  node  of  operation  to  mathematically  defined 
and  digitally  controlled  contours ; 

a.  Flat  plates  made  from  mild  steele,  Claeses  A,  B,  and  C, 
(per  American  Bureau  of  Ships) 

b.  Flat  plates  made  from  HY-80  alloy-steels 

The  machine  shall  enable  the  gripping  of  a  maximum  size  plate 
along  both  short  edges  and  pre-stretch  It  to  the  yield  point, 
whereafter  the  ran  la  advanced  while  a  pre -determined  tension 
Is  maintained. 

D.  Units  of  Heasuresmnt 

All  height  measurements  (for  Z  axis)  are  to  be  cosnanded  In 
Inches  and  decimals  thereof,  with  a  resolution  of  .01  inch. 

It  may  also  be  required  to  have  all  height  measurements  In 
feet  and  decimals  thereof.  In  which  case  the  resolution  Is 
.001  feet  (-.012  Inch). 

The  alternate  employed  Is  at  the  option  of  the  customer. 


II.  AFPUCABLE  SPICIFICATIOWS 


A.  HKIBA  Electrical  Standards 

B.  BIA  Electrical  Standards 

C.  JIC  Hydraulic  Standards 

D.  HAS  Machine  Axis  nomenclature 
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TABLE  1 


DDflWSKniS  AMD  CAfACITlES 
(Mininum  Eaqulraments) 


Workpiece  Maf  rial 


Item 

Mild  Steel 

HY-80 

•k 

Workpiece  width 

12  ft 

10  ft 

If 

Workpiece  length 

15  -  35  ft 

15  -  35  ft 

it 

Workpiece  Chickneas 

1/4  -  1-3/8  In. 

1/4  -  3/4  In. 

Maximum  height  of  formed  workpiece 
over  X-Y  plane 

2  ft 

2  ft 

ADlmenslons  before  forming 


•» 
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TABLE  2 
FEED  RATES 

(Mlnlaum  requirements,  unless  otherwise  stated) 


Item 

Pre-tenslonlng  speed 

50  IFM 

50  IPM 

Ram  speed 

25  IFM 

25  IFM 

Time  to  adjust  all  die  segments* 

30  min 

10  min 

Time  to  return  all  die  segments  to 
zero  position* 

5  min 

1  min 

For  maximum  travel 
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TABLE  3 


SYSTEM  ACCOHACIES 


Linear  accuracy  in  X-Y  plane: 

Any  die  section  within  any  12  x  12  ft 
area,  deviation  from  true  location* 

Accumulation  for  every  additional 
12  ft  length’*' 

Vertical  accuracy  over  X-Y  plane; 

Any  die  section  top  surface,  deviation 
from  true  location^ 

Resolution  of  die  movement 


Location  of  center  of  spherical  surface 

r* 

In  reference  to  connanded  data 


+  .12  In. 

+  .06  In. 

+  . 03  in . 

.010  In. 
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III.  HBQDIMPmiTS 


Nanufacturerc*  contractual  obligations  for  design  and  function  of 
Biachlna 

A.  Design 

The  dimensions  end  capacities  are  applicable  to  all  types  of 
machines . 

The  machine  builder  has  the  choice  of  configuration,  such  as 
position  of  the  workpiece  In  reference  to  the  floor. 

B.  Capacity 

1.  Size 

Dimensions  and  capacities  as  shown  In  Table  1  are  applicable 
to  all  types  and  classes  of  machines. 

2.  Feed 

Feedrates  as  shown  in  Table  2  are  applicable  to  all  classes 
of  machines. 

3.  System  Accuracy 

Accuracies  as  shown  In  Table  3  are  applicable  to  all  types 
and  classes  of  machines. 

C.  Construction  of  Hachlne 

1.  Machine  shall  be  constructed  to  comply  with  the  requlreamnts 
of  Section  111,  and  with  the  Inspection  and  acceptance  tests 
of  Section  IV. 
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2.  M«ehln«  shall  provlda  claaranea  tor  loading  and  unloading 
of  aMxlanni  aisa  workplaeas  vartleally  fron  ovarhaad. 

3.  If  tha  eonerata  foundation  is  part  of  tha  struetura,  aaaa 
ia  raaponsibillty  of  and  nuat  be  east  undar  auparvialon 
of  Mchina  buildar. 

Purchaser  to  provide  the  additional  foundation  as  may  be 
required  by  local  soil  conditions. 

4.  Machine  shall  be  furnished  with  supports  carrying  tha 
power  supply  hoses  end  cables  over  the  full  travel  range. 

The  purchaser  will  be  required  to  supply  the  foundation 
for  these  supports  or  for  any  ether  detached  coaiponants. 

5.  Machine  shall  be  supplied  with  an  operator  control  station 
having  the  siiniauB  of  necessary  control  functions  within 
easy  reach  of  the  operator. 

6.  Machine  shall  be  supplied  with  indicating  pressure  gages 
for  ran, tensioning, and  gripping  circuit. 

7.  Machine  shall  also  be  supplied  with  stationary  eaergency 
button  at  a  convenient  location  of  the  machine,  to  stop 
all  feed  movements. 

8.  Machine  shall  be  furnished  complete  with  all  control 
cables,  power  cables.  Junction  boxes,  control  panels,  hoses, 
piping,  tubing,  operator's  stand,  and  any  other  items 
required  to  cosiplete  the  installation. 

The  purchaser  will  be  required  to  supply  services  to  tha 
machine  or  control  panel  as  the  case  suiy  be,  and  make  the 
connections  at  this  place  only.  All  other  inter -connset ions 
to  be  furnished  hy  the  msehine  builder. 
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9.  lUehifi*  aluill  be  furnlahad  with  gripping  Mchnnlsaa  which 
allow  change  of  plata  thlckneac  within  capacity  without 
■ajor  setup  change. 

10.  Tension  cylinders  to  have  sufficient  stroke  and  power  to 
allow  the  forming  of  the  msxlnun  slse  workpieces  as 
listed  In  Table  1. 

11.  Devices  which  allow  the  forming  of  all  Intansedlate  lengths 
within  the  capacity  as  listed  In  Table  1  must  be  provided. 

12.  Forming  die  to  consist  of  a  system  of  Individually 
adjustable  die  sections,  the  spacing  of  which  Is  not  to 
exceed  6<-l/2  Inches  In  the  T>axls,  and  not  to  exceed  17 
inches  In  the  X-axis. 

13.  Formed  material  between  the  location  of  these  dies  may 
follow  straight  lines  instead  of  the  overall  curvature. 

14.  Radius  of  spherical  die  section  surface  to  be  approxiawtely 
10  Inches. 

15.  Hachlne  shall  be  furnished  with  two  narking  devices  which 
apply  non-destructive  marks  In  known  dimensional  relation¬ 
ship  to  the  die  sections.  Marks  to  appear  on  the  top  of 
the  workpiece  near  each  grip. 

D.  Controls 

1.  Manually  adjusted  die  sections  (Type  "A"  control  only) 

a.  Machine  shall  be  equipped  with  a  manually  adjustabla 
and  conveniently  readable  dial  system. 
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b.  Th«  syataa  shall  be  capable  of  controlling  the  die 
sections  Individually  In  any  sequence. 

c.  The  system  oust  allow  the  disengagement  of  any  die 
section  and  keep  saate  In  the  retracted  position. 

2.  Muamrlcallv  controlled  die  sections  (Type  "B”  control  only) 

a.  Machine  shall  be  equipped  with  a  point- to -point 
positioning  numerical  control  system  for  controlling 
all  die  sections  in  the  Z-axls. 

b.  The  system  shall  be  capable  of  controlling  the  die 
sections  individually,  any  number  of  them  siamltaneously 
or  sequentially. 

c.  The  control  system  shall  be  complete  with  tape  or  card 
reader  and  transport  mechanism,  and  control  circuitry 
installed  within  the  control  cabinet. 

d.  The  system  must  allow  the  disengagement  of  any  die 
section  and  keep  same  In  the  retracted  position. 

3.  Manually  controlled  forming  sequence  (Class  1  control  only) 

a.  Manual  controls  must  permit  the  origination  of  all 
individual  operations  during  the  forming  cycle  in  the 
proper  sequence. 

b.  These  operations  shall  be: 

Pre-tension  material  after  gripping 

Advance  ram  sections,  while  backing  off  on  tension¬ 
ing  devices 

Apply  final  tension  after  ram  sections  are  in  position 

latum  all  mesbers  to  starting  position  to  unload 
workpiece 
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e.  SyttM  sliall  allow  the  actuatloa  of  tha  plate  aarklng 

■echanieaa 

4.  AutoaatlcallT  controlled  forming  aeeuenee  (Claes  2 
control  only) 

a.  Autonatic  controls  must  Initiate  all  individual 
operations  during  the  forming  cycle  in  the  proper 
se^ance  to  previously  adjusted  limits  after  starting 
the  cycle  manually. 

b.  These  operations  shall  be: 

Pre>tenslon  material  after  gripping 
Advance  ram  sections  while  backing  off  on 
tensioning  devices 

Apply  final  tension  after  ram  sections  are  in 
position 

Actuate  plate  isarking  devices 

Return  all  members  to  starting  position  to  unload 
workpiece 


E.  Safety  Devices 

Each  machine  shall  be  furnished  with  suitable  safety  devices 
of  the  latest  type.  Parts  which  are  hasardous  to  the  operator 
shall  be  suitably  guarded  where  practical.  Ample  protection 
against  electrical  shock  shall  be  provided.  Safety  stops 
limiting  extresm  travel  of  Jaws  and  tool  sections  are  to  be 
Installed. 

P.  Interchangeability 

All  replaceable  parts  shall  be  constructed  to  definite 

standards,  tolerances,  and  clearances  in  order  that  any  such 
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part  may  ba  raplaced  or  adjuated  without  requiring  modification. 
Vhare  practicable,  auch  parte  ahall  ba  permanently  and  legibly 
marked  with  the  manufacturer 'a  part  number. 


IT.  nrsPEcnoH  amp  AccEmucE 

A.  Claaalflcatlon  of  Teata 

1.  Terlflcatlon  of  requlremanta  of  Section  III. 

2.  Tolerance  Teata,  Section  IT.C.2. 

3.  Performance  Teata,  Section  IT.C.3. 

B.  Teat  Condltlonm 

Each  machine  shall  be  tested  under  the  following  conditions  as 

specified  under  Ordering  Data  (Section  VI): 

1.  At  manufacturer's  plant  by  manufacturer,  with  verified 
test  results  furnished  customer. 

2.  At  manufacturer's  plant  witnessed  by  customer 

3.  At  customer's  plant 

C.  Test  Details 

1.  Check  required  Items  specified  In  Section  III.,  not  covered 
In  Section  IT. 

2.  Tolerance  Tests  per  later  submitted  detailed  Instructions 

3.  Performance  tests  -  These  tests  are  (1)  for  testing  the 
function  accuracy  of  the  auichlne  under  actual  forming 
conditions,  and  (2)  to  prove  the  performance  of  the  machine 
control  unit,  the  plate  gripping  mechanism,  and  the  adjuatabla 
die  sections. 
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V.  OPPATIIIG  AMP  THgTAT-iATIOM  DATA 


The  aanufacturtr  shall  furnlah  a  copy  of  the  following  data  for 

each  purchased  machine.  Additional  copies  shall  be  furnished  at 

purchaser's  option. 

A.  Scaled  plan  view,  front  elevation  and  end  elevation  with  major 
dimensions,  consisting  of  all  work  space  clearance  dimensions, 
overall  height,  width,  and  length  dlsmnslons,  and  dimensions 
of  peripheral  equipment,  such  as  control  cabinets. 

B.  Certified  foundation  and/or  Installation  drawings,  showing 
location  and  slses  of  all  required  services  where  applicable. 
Drawings  to  be  furnished  sixty  days  prior  to  shipment. 

C.  Maintenance  Manual 

D.  Operator's  Manual 

E.  Parts  List,  Including  recommended  spare  parts  list 

F.  Electrical  wiring  and  schematic  diagram  to  EIA  electrical 
standards 

6.  Hydraulic  and  pneumatic  circuit  schematic  to  JIC  standards 


?1.  ORDERIMG  DATA 

A.  Customer's  option,  per  classification  (Section  l.B.) 

B.  Customer's  option  of  unit  of  measurement  (Section  I.D.) 

C.  Customer's  option  on  Acceptance  Tests  (Section  IV. B.) 

D.  Preservation  and  Packing 

E.  Shipping  Instructions 
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ABSmCI 


A  MW  Mthod  1«  propOMd  lAereln  tkr**>diwiuloiuill7  forMd 
•hellplAtes  for  woldod  «hip«  eon  be  deeerlbed  and  cut  to  tlM 
required  outline  using  straight  lines  only  for  estsbliahing 
the  shape. 

Specifications  are  presented  and  a  reco— ended  design  of  a 
torch  cutting  auichine  is  described  which  pamits;  the  appli¬ 
cation  of  this  nethod  to  cut  the  outline  of  shellplstes  after 
the  forming  operation. 
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A.  THE  PIOBLEM 

The  ihalla  of  welded  steel  ships  consist  of  siseeble  pistes  which 
are  individually  foraied  before  assenbling  to  conform  to  the  desired 
hull  shape.  Unlike  the  plates  or  strakes  of  ships  built  by  some 
other  methods,  these  shell  plates  must  Join  without  gaps  or  overlap. 

Gaps  which  are  too  wide  make  welding  difficult  (blow>by)  and  costly 
(laore  time  and  electrodes  consumsd),  and  are  for  reasons  of  quality 
and  esthetics  unacceptable.  Local  Interference  cannot  exist,  since 
it  would  prevent  the  plates  from  meeting  properly,  causing  gaps  on 

it 

other  places  along  the  seam. 

The  cut  must  also  be  made  with  sufficient  quality  to  permit  the 
subsequent  welding  without  further  machining.  This  requires  that 
the  tolerances  of  the  cut  outline  anist  be  as  good  as  economically 
possible.  If  for  some  reason  the  shell  plates  cannot  be  cut  to 
acceptable  tolerances,  allowance  has  to  be  given  and  trimsed  off  in 
the  fitting  operation. 

aiellplates  are  preferably  made  to  an  optimum  sise,  which  is  governed 
by  the  welding  cost,  the  equipment  capacity,  and  by  the  cost  of 
commsrcially  available  plate  stock.  To  take  full  advantage  of  this, 
all  plates  should  be  close  to  a  rectangular  shape  of  the  same 
optlaaim  sise.  (A  limitation  to  this  is  imposed  by  the  practice  of  never 
laying  a  seam  on  a  deckllnc,  a  transverse  frame  on  a  butt,  nor  cross¬ 
ing  them  at  small  angles.) 


Both  longiti^lnal  seams  and  transverse  "butts"  are  here  called  sea 
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In  atMt  whara  eha  hull  la  thraa-dlaanalonally  moldad,  eha  plata 
pari^ary  daviataa  from  tha  Idaal  ractangular  ahapa.  It  followa 
that,  with  tha  exception  of  the  flat  bottom  keel  and  the  parallel 
aide  body,  the  outlinea  of  ahellplatea  cannot  be  aimple,  geometric 
figurea,  and  are  therefore  conventionally  eatabliahed  by  developing 
methoda.  In  other  worda,  the  outline  ia  eatabliahed  for  the  flat 
condition  of  the  plate  by  giving  the  actual  girth  dimenaiona  from 
a  coordinate  ayatem.  Figure  1  ia  an  illuatration  of  thia  principle. 
Uaing  a  aufficient  ntsaber  of  auch  girth  dimenaiona,  the  outline 
can  be  produced  on  any  tracer-  or  tape-controlled  burning  machine 
prior  to  forming  by  any  auitable  method. 

A  plate  formed  with  little  camber,  which  doea  not  need  to  be  pre- 
criiaped,  ahould  not  preaent  dlfficultiea  in  maintaining  the 
prevloualy-cut  outline.  In  the  formed  plate,  any  error  in  curvattire, 
aa  exlating  on  the  feed-in  and  feed-out  enda  due  to  rolling  or 
crimping,  will  reault  in  a  diaplaceawnt  at  the  pre-cut  edge.  Such 
anticipated  errora  are  aometlmea  avoided  by  allowing  exceaa  material 
to  be  trimmed  off  at  the  aub-aaaembly  on  the  platen  and  alao  at  final 
aaaeid>ly  on  the  waya.  Such  trimming  ia  done  after  a  check  at  loca¬ 
tion  of  aaaembly  with  a  hand-hald  torch,  leaving,  of  oeuraa,  mueh 
to  be  deaired  on  tolerancea. 

Hot  forming  on  Jiga  doea  not  permit  pre-cutting  to  aiae  of  the  plate 
in  the  flat  condition,  alnce  the  manual  work  performed  on  the  hot 
plate  will  diatort  the  outline  in  an  uncontrollable  way.  Therefore, 
cutting  after  forming  ia  a  muat  on  parta  produced  in  thia  manner. 

The  forming  of  ahellplatea  on  a  atretch  preaa  with  adjuatable  die 
aegmenta*  haa  diatinct  advantagea  ovar  other  methoda.  Firat,  it 

*Sae  Todd  Shipyarda  Corporation  Technical  Report,  "Preliminary 
Speciflcationa  -  Digitally  Controlled  Stretch  Preaa  for  Shall 
Platea^"  Report  3.0.0,  Appaadlx  1. 
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Fig.  1  Oavaloping  •  Sh*llplaC« 


•aablct  ^  dlr«ee  ••ttiag  of  aatlMMtleally  MtabllalMd  d«t«  •• 
tool  offoott  Into  tho  aadiiM,  and  ■•eoadly,  bha  proeoos  will  yiold 
a  workplaea  which  la  not  aubjeet  to  apriagbaek.  Tb  aaliitaia  a 
unlfora  alongation  ovar  tha  full  area  of  tha  workplaca  during  tiia 
pra-tanalonlng  eycla,  the  raw  natarlal  wuat  be  of  eoaatant  width. 
Aaothar  raguiraaMot  ia  that  natarial  haa  to  be  added  for  gripping 
in  tha  tanaioning  Jawa  along  bath  narrow  edgaa.  Thaaa  Jawa 
■tttllate  the  aurfaea  of  thia  naterial;  furthamore,  it  ia  not 
poaalble  to  fom  tha  workpiece  cloae  to,  or  within  tha  jawa.  Thaaa 
areaa  are  therefore  loat  to  the  uaable  length  of  the  ahallplata 
and  nuat  be  cut  off  after  forwing.  Xt  la  appropriate  to  aay  that 
all  four  aide  of  a  ahallplata  aaiat  be  cut  after  forming  on  a 
atretch  praaa. 


B.  PUBBin!  ian»n>s  or  amuirim  mo  comm  smurun 

Fabrication  methoda  idiich  allow  tha  cutting  of  the  plate  edgea  in 
the  flat  (expanded)  condition  depend  on  tha  proper  dawalopomnt  of 
thaaa  plataa  by  any  of  aaveral  accepted  methoda. 

By  full  and  ona«tanth  acale  lofting,  the  girth  diawnaiena  are  acalad 
off  tha  floor  or  off  tha  drawing  in  reference  to  watarlinaa  and 
atationa.  Such  dimenaiona  muat  be  taken  in  aufficiant  quantity  to 
inaura  a  non-ambiguoua  and  accurate  curve.  The  time  required  to 
develop  one  plate  ia  approximately  three  heura  in  tha  one-tenth  loft, 
and  approximately  twelve  houra  in  the  full-acale  loft.  The  output 
can  be  uaad  to  make  either  tamplataa  or  a  raducad-acala  drawing  for 
uae  in  any  optically  controlled  burning  machine. 

* 

A  Oeman  oempany  introduced  a  ahallplata  developmaat  Jig  for  tha 
*lhiPbwildln«  and  BhiPPina  Bmyotd.  Sept.  21,  1961,  p  376 
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purpose  of  speeding  up  the  process.  It  Is  suitable  only  for  the 
one-tenth  lofting  method,  since  the  Input  Is  from  ona-tenth  scale 
drawings  and  the  output  Is  In  the  form  of  markings  on  an  unfinished 
drawing  of  this  same  slae.  It  Is  not  directly  usable  for  either  full- 
scale  or  msthematlcal  lofting  methods,  since  It  lacks  suitable  Input 
and  output.  A  box-llke  frame  holds  Individually  adjustable,  flexible 
spline,  the  form  of  which  Is  transposed  from  the  one-tenth  scale 
lines  drawings.  All  splines  together  simulate  the  shape  of  this 
hull  section,  and  a  blaidc  drawing  laid  snug  onto  the  splines  will 
represent  the  uncut  shellplate.  The  drawing,  still  In  the  bent 
state,  la  now  marked  at  strategic  points  with  the  offsets,  then 
removed  to  be  finish-drawn  In  the  flattened  state.  The  builder  of 
this  Jig  claims  an  average  time  of  approximately  forty  minutes  to 
develop  one  plate. 

A  Mtheautical  method  Is  proposed*  which  uses  offsets  of  frames 
directly  from  the  mold  loft  or  mathematical  loft,  without  requiring 
any  drafting  or  duplicating  work.  This  method  is  an  approximation, 
replacing  the  actual  geodesic  line  along  a  frame  between  two  end 
points  (strakes)  with  a  circular  line,  the  radius  of  which  Is  located 
by  three  points. 


The  actual  cutting  operation  Is  performed  In  the  flat  condition  along 
the  expanded  contour  of  the  plate  on  mechanically  or  optically 
tracer-controlled,  or  recently  on  tape -control led  burning  machines. 
This  seems  at  first  look  satisfactory;  however.  It  Is  limited  to 
subsequent  forming  smthods  which  do  not  favor  automation  or  a  direct 
application  of  the  faster  mathematical  lofting  method. 


See  Todd  Shipyards  Corporation  Technical  Report  Mo.  1.2.4ga,  "System 
for  Mathematically  Developing  Shell  Plate  for  Ships'  Hulls,"  by 
Donald  A.  Atkins  and  T.  A.  Dunaway,  Rev.  August  24,  1962 


Bacauc*  of  inhorent  Inaccuracy  In  any  nathods  othar  than  aatlMMieical 
davaloplng  aathod,  aoiaa  plataa  ara  Mda  with  a  Crin  allowanea  which 
la  raaovad  at  tha  aub-  or  final-aaaanbly.  All  plataa  now  hot  foraad 
on  apaclally  nada  Jiga  requlra  cutting  after  fomlng  with  a  hand¬ 
held  torch.  Thla  aathod,  of  course,  la  causa  for  graateat  Inaccuracies, 
since  there  are  no  pre-eatabllahed  and  absolute  reference  lines 
obtainable,  and  the  cut  oust  be  perfomad  after  locating  and  siarklng 
the  plate  at  the  assead>ly. 


THE  MBID  rCtt  A  SIMPLIFIED  METHOD 


for  the  following  reasons  It  Is  daslrable  to  machine-cut  the  outline 
of  a  shellplate  after  forming: 

Shellplates  which  cannot  be  properly  developed  due  to  hot- 
forming  are  already  cut  In  this  order,  but  by  a  manual,  and 
therefore  inconsistent  method. 

if 

Hew  forming  laethods  make  It  Imperative  to  drop  the  present 
sequence,  which  caniwt  provide  a  usable  plate  edge. 

In  all  cases,  the  accuracy  can  be  improved,  due  to  the 
Mchanlcal  feed  axid  the  use  of  a  measuring  device  which  la 
iBOunted  on  the  machine 

A  plate  supporting  system  must  be  devised  which  allows  the  locating 
of  a  properly  smrked  and  formed  shellplate  in  reference  to  the  axes 
of  the  machine.  It  may  be  advisable  to  double  the  capacity  of  the 
sMchlne  by  cutting  two  plates  (starboard  and  port)  slaultanaously, 
by  placing  them  slde-by-slde  and  Increasing  the  number  of  torch- 
heads  . 

The  sHthod  and  the  machine  aust  function  with  either  conventional 
oxygen- fuel  gas  torches  or  the  new  plasma-arc  torches.  It  Is 
anticipated  that  the  newer  process,  slnca  It  la  much  faster  and  more 
economical,  will  be  employed.  A  control  system  aust  be  provided 

^Forming  shellplates  with  Stretch  Presses,  See  Eaport  3.0.0, 
Appendix  B 
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idkldi  will  kold  th*  torch  at  tha  eonatant  dlatanea  abova  tha  plata 
turfaca,  aad  dia  ranga  of  its  travel  guat  ba  auffleiant  to  follow 
a  ahallplate  formed  to  tha  apaelflad  curvature. 

Since  machanlaad  plate  burning  la  dona  In  tha  expanded  and  flat  eon> 
dltlon,  no  commercially  available  burning  machine  la  capable  of  thla 
now-needed  additional  travel.  Standard  machlnaa,  now  available,  do 
not  provide  for  the  aupport  of  a  formed  plate,  but  are  equipped 
with  welded  tablaa  or  conveyora  conforming  to  a  horizontal  plane. 

An  atteiqtt  to  equip  a  burning  machine.  Which  uaea  the  conventional 
method  of  contour  cutting  along  tha  outline,  with  the  two  named 
featurea  would  mean  going  to  a  fo<ir-  or  poaalbly  flve-axla  control 
syatem.  Ihla  would  bring  the  price  of  such  equipment  to  a  level 
considerably  above  all  existing  burning  machines. 

It  was  therefore  considered  not  feasible  or  desirable  to  maintain 

the  present  geometry  of  shellplatea,  since  a  more  promising 

method  was  devised,  ^Ich  la  described  In  Section  11  of  thla  leport.* 

A  comparison  of  expected  parfonsanea  against  tha  other  methods  la 
made  la  Fig.  2,  while  Fig.  3  shows  how  the  new  method  fits  in  to 
the  overall  program. 


^*tefer  also  to  Appendix  A. 
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Section  II 


COKCm 

A.  EOJAtUaiOa  OF  THE  nOFOSD  MUHOD 

The  Joining  edges  of  ell  formed  shellplates  can  be  made  to  lie  in 
the  cutting  plane.  In  making  the  plate  layout,  the  corner  points 
of  all  plates  are  established  by  mathematical  or  graphical 
methods  in  the  same  manner  and  location  as  presently  used.  These 
corner  points  are  used  to  establish  the  straight  cutting  planes 
for  all  adjoining  plates.  The  connecting  lines  between  such 
comerpolnts  are  common  to  two  adjoining  plates. 

Pig.  4  shows  an  area  of  several  shellplates  and  is  an  illustration 
for  the  method.  Foints  A,  B,  C,  and  B,  are  the  corners  of  a 
selected  shellplate.  They  are  Joined  by  geodesic  lines*  A«B, 

B>C,  C-D,  and  D-A,  respectively.  These  deodesic  lines  represent 
the  welding  seams  of  the  respective  adjoining  plates.  In  BK>st 
cases,  the  four  points  will  not  lie  in  one  plane,  and  a  diagonal 
line  such  as  B-D  must  be  imagined  to  divide  the  four-sided  figure 
into  two  triangles.  In  the  illustration,  the  plane  going  through 
the  points  B,  C,  and  S,  is  extended  to  point  B,  which  is  a  projection 


*A11  shortest  or  near  shortest  surface  lines  bet^men  two  points  of  a 
curved  surface  are  here  assumed  to  be  triie  geodesic  lines,  although 
this  is  not  true  in  all  cases.  This  generalization  does  not  affect 
the  theory  of  the  proposed  method  but  ia  iserely  a  simplification  of 
nomenclature. 
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of  point  f  porpondlcular  to  onid  plan*.  Tha  known  offaata  for  tha 
points  A,  B,  C,  and  D,  in  referanea  to  the  Z-Y-Z-axaa  of  tha  ship 
sHist  ha  aMthasatically  converted  into  offsets  in  referanea  to  tha 
X-T-Z-axas  of  tha  plana  B-B-C-D.  In  three -d inane ionally  fomed 
shallplates,  tha  geodesic  line  between  two  comer  points  does  not 
coincide  with  the  straight  line  going  through  the  sane  corner  points. 

If  all  place  planes  would  be  parallel  to  each  other,  it  would  be 
sufficient  Co  cut  Che  outline  simply  by  holding  Che  torch  perpendicular 
Co  Che  reference  plane  and  thus  insure  proper  notching  of  all  plates. 
Since  most  planes  are  arranged  under  angles  Co  each  other,  Che  angle 
between  the  torch  axis  and  the  plane  has  to  be  controlled  in 
reference  to  the  angle  under  which  these  planes  maat.  Figure  5 
shows  how  this  angle  is  detemined.  For  reason  of  clarity,  all 
corner  points  of  the  plates  are  laid  on  their  respective  planes. 

B.  SEUCCTED  SIZE  AND  FEATUKES 

An  insMdiate  use  of  a  machine  which  cuts  plates  as  described, 
exists  only  in  the  shipbuilding  industry.  For  such  a  limited 
application,  it  cannot  be  Justified  to  invest  largely  in  sophis¬ 
ticated  controls  or  machinery. 

The  criteria  for  sise  and  features  are  established  for  each  main 
component,  which  are: 

The  torch-carrying  structure 
The  torches  end  power  supply 
The  plate  support 
The  control  and  drive  system 

1.  Torch-Carrvina  Structure 

The  shellplates  which  have  to  be  produced  are  now  in  the  sise 
range  of  10  -  12  ft  wide,  approximately  32  ft  long,  and  maxiaium 
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Planes  of  Plates  1  and  II 
as  located  on  Ship 


1-1/2  In.  thick.  Th*  thiekncsn  hna  prnetically  no  bearing  on  tha 
■aehlaa  •truetura  and  la  not  dlaeuaaad  hara.  Tha  width  la  of  hlghar 
algnlflcanea,  alnca  It  raqulraa  a  longer  croaarall,  tha  daflactlon 
of  idileh  la  to  ha  eonaldarad. 

Tomlng  aqulgaant,  coaoMrclally  avallabla  atock  alaaa,  and  handling, 
■aka  It  faaalbla  to  Halt  tha  plata  width  to  12  ft  aaxlMni. 

Although  wa  hava  an  autoaatlc  torch  tip  to  plata  control,  axcaaalva 
aag  or  droop  of  tha  croaarall  la  not  pamiaalbla  bacauaa  vortical 
control  Buat  alao  ba  aalntalnad  in  rafaranca  to  an  inclining  baaallna. 
It  la  tharafora  propoaad  to  aupport  tha  croaarall  at  both  anda  of 
each  twelve-foot  apan  aa  an  effective  maana  of  the  dealred  weight 
control,  thua  alao  enabling  a  reduction  of  atructural  vibratlona. 

Gantry-type  machlnea  with  double  drive  need  aynchronlaatlon  of  the 
driving  gear  and  mean  alao  a  duplication  of  aaow  componenta,  auch 
aa  gearbox,  rack,  and  covering  device  for  the  latter. 

For  the  tolerancea  needed  In  our  application,  a  alngle  drive  on  a 
properly  guided  carriage  la  aufflclent,  thus  enabling  a  coat  aavlng. 
The  measuring  device  (rack)  should  be  near  the  powerdrlve  and  the 
guiding  ways  of  the  carriage.  The  aupport  of  the  croaarall  at  the 
end  opposite  the  drive  should  be  through  a  level  rail  and  an  anti¬ 
friction  roller.  All  requirements  are  met  by  this  simple  design 
and  outrigger  type  carriage.  The  same  basic  components  are  used 
for  either  single  plata  or  double  plata  type,  enabling  flexibility 
In  the  choice  of  tha  capacity. 

Tha  tlmm  required  for  loading,  adjusting  and  unloading  a  workplace 
la  the  same  par  plata,  whether  It  ba  on  a  single-  or  doubla-sldad 
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MmIiIim.  Hm  propoMd  Mthod  cllom  for  •iaultonooua  euttiaf  of  tlM 
two  long  odgot  of  •  plot*,  os  shown  la  Fig.  6.  Choosing  tha  plasa- 
are  proesss  with  sn  ssauasd  cutting  spoed  of  60  HM  and  a  plats  alas 
of  10  z  30  ft,  a  trua  cutting  time  of  tan  minutaa  raaulta.  For 
aatting  dials  and  othar  laanual  operations,  add  thraa  ninutes,  oaklng 
it  thirtaan  ninutes  if  plate  is  aade  singly,  or  six  and  ona-half 
ninutes  if  plates  are  node  in  pairs.  Assune  ten  sdnutes  for  loading 
and  unloading  each  plate,  and  seven  ninutes  to  align  each  plate, 
which  will  nake  a  handling  tine  of  seventeen  ninutes  per  plate  by 
either  process.  Total  tine  is  now  thirty  ninutes  per  plate  if  made 
singly,  or  23-1/2  ninutes  per  plate  if  node  in  pairs. 

These  production  rates  are  not  decisively  different,  and  the  higher 
coat  of  s  twin  machine  may  not  be  Justified.  The  higher  rate  is 
therefore  used  with  both  types  for  a  cost  estimate. 

Increasing  the  length  of  the  machine  creates  no  new  design  problcns, 
since  the  longitudinal  track  as  well  as  the  drive-  and  amasurlng-rsck 
are  built  up  of  sections.  The  length  should  be  at  the  option  of  the 
purchaser;  however,  a  useable  length  of  thirty-two  feet  is  considered 
the  nininum  for  Resent  conditions. 

An  over  travel  nust  be  provided  for  any  capacity,  for  the  transport 
of  the  crossrail  to  one  end  and  subsequent  vertical  loading  or  removal 
of  s  fomed  shellplate  of  naximm  sixe,  clearing  said  crossrail. 


2-  .ftffigjj 

Two  cutting  processes  arc  suitable  for  this  machine:  by  fuel  gas 
(oxygen  flame)  and  by  the  recently  introduced  plasma-arc.* 


«S^d  ihipyards  Onioration,  The.  Import  3.1.0,  "Itata-of-the^t  itudies 
on  ftocesses  Qonsidmed  for  the  Fabrieatien  of  Ship  Farts"  by  IriMe  L. 
laird,  dtd  Jun  8,  1962 
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An  npproxlMtnly  thmefold  InerMsa  In  cutting  spend  of  tho  plaMn>nre 
procMS  over  tta«  flaas  proeoss  Is  obtalnsbls,  ns  riunm  in  Fig.  7. 
Considering  the  inersssing  nuaber  of  plates  for  suparstructures  aade 
of  alualnua  alloys,  would  give  the  plasaa-are  a  deelsiva  edge.  The 
powar  supply  for  aithar  process  aust  ba  of  a  siss  paraitting 
slauiltanaous  cutting  of  1-1/2  in.  thick  carbon  steel,  with  two 
torches  at  the  reennasnded  speed  on  the  single  side  aschine  or  with 
four  torches  on  the  double  side  suMhine. 

It  is  planned  to  use  standard  torches  and  power  supplies  from  any  of 
the  suppliers  and  sarely  apply  thea  to  the  proposed  aachine.  These 
coaponents  are  for  both  flaae-  and  arc-process  available. 

3.  Plate  Supports 

To  support  Che  foraed  plates  at  the  correct  height  and  level,  a 
systea  of  individually  adjustable  vertical  pins  aust  be  provided. 

The  ntni>er  of  these  pins  aust  be  sufficient  to  support  the  plate 
without  undue  local  deflections  which  would  introduce  errors  in 
the  following  cutting  operation.  A  few  aaster  supports,  Che  X-T 
location  of  idtich  is  known  and  which  is  vertically  adjustable  to  a 
known  diaansion,  are  hydraulically  connected  to  a  network  of  slave 
supports  which  help  Co  distribute  the  load  of  Che  plate. 

On  Che  double-sided  aachine,  this  support  systea  has  to  be  duplicated, 
while  the  (vertical)  control  of  thea  aay  be  coabined.  The  cmtrol 
by  aanual  setting  should  be  to  an  accuracy  of  approxiaately  .05  in., 
with  a  resolution  on  the  saasurlng  eleaent  of  .1  inch. 

4.  (kmtrol  and  Prive  Systea 

At  this  tlae  it  does  not  seea  advisable  to  engage  tape  control  for 
any  of  Che  control  functions.  Aligning  of  the  workpiece  requires 
consideri^le  tias  and  cannot  be  reduced  by  such  aaans.  The  plasaa-are 
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Fig.  7  Conparativ*  Cutting  Spaada 


proe*ff  proves  aueh  sore  efficient  In  reducing  the  floor-to-floer 
tlae  of  a  Horkpieee. 

It  ie  therefore  proposed  to  use  a  aanually  controlled  device,  such 
as  described  in  Appendix  B,  to  govern  the  torch  aoveaente  along  the 
Z-T  plana.  After  each  straight  line  cut,  the  next  direction  met 
be  dialed  in.  A  synchroniaation  between  the  angle  of  cut  in 
reference  to  the  X-Y  axes  and  the  torch  rotation  about  a  vertical 
axle  can  be  easily  established.  This  torch  rotation  is  required 
to  Insure  correct  locetion  of  the  cut  edges.  It  can  be  proved 
geoaetrically  that  a  torch  with  a  vertical  rotary  axis,  with  the 
noszle  directed  perpendicular  to  the  base  line  of  the  seem,  aakes 
a  cut  compatible  with  the  cut  of  the  adjoining  plate,  if  the  angle 
about  the  horizontal  axis,  which  is  parallel  to  said  base  line  is 
in  correct  relation  to  the  other  plate.  This  condition  applies 
to  the  full  length  of  the  seam. 

The  tilt  angle  of  the  torch  nossle  about  a  horizontal  axis,  which 
is  parallel  to  the  base  line  of  the  cut  edge,  is  adjusted  manually 
and  may  be  different  for  each  edge  of  the  plate. 

The  existing  methods  for  the  torch-tip  to  plate-distance  control, 
measuring  the  capacitance  between  the  workpiece  (sutde  of  conductive 
material)  and  a  shoe  fixed  to  the  torch,  are  sufficient  and  can  be 
maintained.  The  desired  distance  can  be  set  and  is  automtlcally 
maintained  within  certain  liadts. 

The  torch  mst  be  able  to  make  a  vertical  movement,  while  moving 
along  either  Z  or  Y  axis;  and  the  coad>ination  of  these  vertical 
and  horizontal  az>vements  must  give  a  resultant  sntion  on  an  inclined 
straight  line.  The  control  for  this  motion  is  similar  to  the  one 
which  governs  the  cutting  path  in  the  Z-T  plane. 
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A  drive  ootor  oust  provide,  within  Halts,  verleble  feed  for  eltlMr 
X  or  Y  exit,  froa  which  other  aotlons  are  governed.  A  self* 
contained  servo-drive  mst  be  provided  for  the  autoaatlc  torch  to 
workpiece  distance  control. 
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SECTION  Ill 

SRCiriCAIlONS  -  HICHIMI  TO  COT  CTllPUTIS  AFTIl  FCttMIlIB 

1.  SCOFI 

A.  Puriw 

To  provide  description  end  perfomenee  specif icetions  for  cutting 
BHiehines  for  fomsd  shell  pistes  to  neet  the  requiresMnts  of  the 
shipbuilding  industry. 

B.  Clessificetion 

Plots  cutting  Bschinee  shall  be  of  the  following  types  end  sises. 

Types  end  sises  ore  et  the  option  of  the  customer. 

1.  Type 

o.  Type  F  -  fleaw)  cutting  nechine,  employing  one  or  two  (siaultoneoue) 
moving  torchhcods  (oxygen  •  fuel  ges)  enabling  cutting  of 
shellplates 

b.  Type  P  -  plessM  ere  cutting  mschine,  esqploying  one  or  two 

(siaultoneoue)  sioving  tordaheods  (electrical  arc  in  gas  stream) 
enabling  the  cutting  of  shellplates 

2.  Sise 

a.  Sise  1  -  capacity  *  1  shellplote  @  12  ft  width 

b.  Sise  2  -  capacity  *  2  shellplates  @  12  ft  width 
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c.  Inf ad»d  P»» 


1.  Innlcnllv 

To  cut  by  oithor  £!•■•  or  plamn>are  proeaaa  alaalf  naoualy  with 
two  torehaa  fonad  ahallplata a  aada  froa  carbon  and  low-alloy 
ataala 

2.  riaxlbllltv 

Maehlna  auat  alao  ba  abla  to  cut  flat  plataa  within  atatad 
capacity  to  any  atralgbt-alded  (angular  or  rectangular) 
outline 

0.  Unlta  of  Maaauraaent 

All  length  awaauraaanta  (for  Z  and  T  axaa)  are  to  ba  conaandad 
In  Inchaa  and  daelmla  thereof,  with  a  raaolutlon  of  .01  Inch.  It 
aay  alao  be  required  to  have  all  length  aeaauraaenta  In  feat  and 
daciaala  thereof,  In  which  caae  the  raaolutlon  la  .001  feat  (<b.012  In.). 
Dlaragardlng  the  daclaal  point,  thla  requlreaent  can  be  anally  aat 
by  Incraaalng  the  nuid>er  of  teeth  on  the  proper  ratio-giving  gear  of 
the  poaltlon  tranaducer  by  a  factor  of  1.2. 

The  alternate  eaployad  la  at  the  option  of  the  cuatoawr. 


II.  APFUCABU  SPRCiriCATIONS 

A.  atEBA  llactrlcal  Standarda 

B.  JIC  Hydraulic  Standarda 

C.  BBS  Machine  Axla  MoawncUtura 
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Ill,  uquilllBITf 

MiBufaeCurcrs '  contractual  obligations  for  design  and  function  of  aachlne. 


A.  Psslan 

^Ehs  dlsMnslons  and  capacities  are  applicable  to  all  types  and 
slses  of  aacblnes.  The  ■achlne  shall  be  of  the  aovlng  tool 
(torchhead),  stationary  table  type. 

The  aachlne  builder  has  the  choice  of  configuration,  such  as 
bridge  type  or  cantilevered  type  crossrail. 

B.  SSESS^SI 

1.  izs« 

a.  Type  F  -  Torches  shall  euploy  the  flaae  cutting  process, 
using  oxygen  and  fuel  gas 

b.  Type  F  >  Torches  shall  eaploy  the  plasaa-arc  cutting 
process, using  electrical  arc  In  gss  streaa 

2.  SiSS, 

Diaenslons  and  capacities  as  shown  in  Table  1  are  applicable 
to  all  types  of  aschlnes 

3-  issi 

Feedrates  as  shown  In  T^le  2  are  applicable  to  all  slses  of 
■sehlnes 

Aceuraclas  as  shown  In  Table  3  are  applicable  to  all  types  and 
slses  of  sachlnes. 
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^  TABU  1 
(Mtalw  ItfulraMBti) 


Xtea 

lisa  1 

Sisa  2 

Harking  width 

12  ft 

2*  9  12  ft 

Harking  length** 

Custonar's  option 

Custoaar's  option 

Material  thickness*** 

1-1/2  In. 

1-1/2  In. 

Torch  rise  and  fall  vertically 

1  ft 

1  ft 

Torch  rise  and  fall  axially 

2  ft 

2  ft 

lotatlon  of  torch  about  vertical  axis 
(340*  turns) 

unllalted 

unllalted 

lotatlon  of  torch  about  horlsontal 

axis 

^  45^  froa  vertical 

45*^  froa  vertlca: 

*Ti«o  (2)  working  ar««*  of  spoclfled  width  nrruigod  old*  by  old* 

**Mln.  longth  32  ft.  Coa^ononts  to  allow  aaaoably  to  any  graatar  langth 
la  Incraaanta  not  largar  than  four  (4)  ft.  Maehlna  bulldar  to  apaelfy 
basic  langth  and  length  of  Ineraaanta. 

***lflniauB  thlcknaas  of  aiqr  spaelflad  aatarlal  to  be  cut  with  two  (2)  torch- 
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(MlniauB  r«quir«MnCa,  unlaaa  otharwiae  acatad) 


Itan 

Tvpa  F  (Flam) 

Type  P 

Cuttlns  feed* 

5  -  35  1PM 

10  -  300  1PM 

lapid  traverae* 

150  IPM 

300  1PM 

Jogging  feed  * 

5  IPM  auuc.  or 
.01"  par  aMliaat 
oumual  eoHumd 

5  HM  wax  or 
.01"  par  aaallaat 
annual  eoBwand 

Torch  riaa  and  fall  apaed: 

Autoaatically  following 
atraight  line** 

4  1PM 

18  IPM 

AutoMtically  following 
contour*** 

8  1PM 

35  IPM 

Noxxla  retract*** 

20  IPM 

35  1PM 

Hotaa: 

*Along  any  direction  in  the  X  -  Y  plane 
**Along  Z  axla  (vertically) 

***Along  P  axia  (auiln  noaxle  axla) 
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miLi 


Linear  accuracy  in  X-Y  plane: 

Any  point  within  any  12  x  12  ft 
area,  deviation  from  true 
location* 

+ 

.020” 

AccuBuilation  for  every  additional 

12  ft  length* 

+ 

.015" 

Torchhead  to  table  distance 
across  useable  length  of 
crossrail 

+ 

.060" 

Torch  tip  to  workpiece  distance 

along  f  axis  (required  for 
bevel  cuts)** 

+ 

15X 

Cut  edges  perpendicular  to 

X-Y  plane 

+ 

2-1/2® 

Angular  position  of  torch  about 
vertical  axis*/** 

+ 

5® 

Linear  velocity  of  torch  in  any 
horiaontal  direction** 

+ 

3X 

Motes: 

*Wich  indicator  nounted  on  torch 


**In  reference  to  connanded  data 


C.  CoMtructlon  of  Itochln* 

1.  Itachln*  thcll  b«  conatructtd  to  comply  with  the  requirements  of 
Section  III,  end  with  the  Inspection  end  ecceptence  teste  of 
Section  IV. 

2.  Crossrell  shell  be  of  sufficient  size  to  permit  storing  of  eny 
Inectlve  torchheeds  without  reducing  the  cutting  width  below 
the  specified  minimum. 

3.  Mechlne  shell  provide  cleerence  for  loedlng  end  unloedlng  of 
mexlmum  size  workpieces  vertlcelly  from  overheed. 

4.  Mechlne  shell  be  furnished  with  supports  enebllng  the  ellgnment 
of  the  X-exls  trecks  end  with  supports  cerrylng  die  power  supply 
hoses  end  cebles  over  the  full  trevel  renge.  The  purcheser  will 
be  required  to  supply  the  foundetlon  for  these  supports  or  for 
eny  other  deteched  components. 

5.  Mechlne  shell  be  supplied  with  en  operetor  control  stetlon, 

hevlng  e  minimum  of  control  functions,  which  will  move  with  the 

cerrlege  elong  the  X-exls.  These  functions  shell  be: 

Stert  -  Stop 
Torch  on  -  off 
Torch  rise  end  fell 
Ces  pressure 
Arc  energy  controls 

6.  Mechlne  shell  elso  be  supplied  with  stetlonsry  emergency  button 
et  e  convenient  locetion  of  the  mechlne.  nils  button  to  stop 
ell  feed  movements  end  shut  off  oxygen  or  electric  ere  supply. 
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7. 


MachliM  chall  be  fumlehed  complete  with  ell  control  ceblee, 
power  cablet,  Junction  boxes,  control  panels,  frequency  con¬ 
verters,  starters,  hoses,  piping,  tubing,  reels,  operator's 
stand,  and  any  other  Items  required  to  complete  the  Installa¬ 
tion. 

The  purchaser  will  be  required  to  supply  services  to  the 
machine  or  control  panel  as  the  case  may  be,  and  make  the 
connections  at  this  point  only.  All  other  Inter-connectlons 
to  be  furnished  by  the  machine  builder. 

8.  Machine  shall  be  supplied  with  reference  position  readouts 
for  the  full  capacity  of  the  Z-  and  Y-axes.  Keadouts  must 
give  the  position  of  the  torchheads  In  reference  to  an 
adjustable  system-xero  to  the  resolution  and  accuracy  of  the 
system,  and  met  be  engaged  at  all  times. 


D.  Control 

1.  Manual  Adlustswnts 

Machine  shall  provide  manually  adjustable  devices  for  the 

following  functions: 

a.  Adjust  torch  radially  to  compensate  for  variations  In  kerf 
width  as  material  thicknesses  are  changed. 

b.  Adjust  torch  vertically  to  obtain  the  torch-tip  to  table 
surface  distance,  as  specified  In  Teble  1. 

c.  Disengage  any  torch  head  from  the  mechanism  driving  It  In 
the  T-axls. 
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2.  Autonatlc  Ad1u«t—nf 


Machine  shell  provide  eutonetle  control  of  the  following 

functions : 

e.  Melntaln  the  isenuelly-set  torch-tip  to  plete  distance 
over  the  entire  cutting  cycle. 

b.  lelse  torches  whenever  oxygen  or  electrical  arc  supply 
la  shut  off. 

3.  Manual  Mode  of  Oneratlon 

Controls  shall  pemlt  the  execution  of  the  following  operations 

simultaneously  or  sequentially  where  desirable: 

a.  Adjust  kerf  compensating  device 

b.  Adjust  torch  tip  to  plate  distance 

c.  letract  and  lower  torch 

d.  Adjust  all  gas  pressure,  flow  regulating,  and  electrical 
power  regulating  devices  for  cutting  torches 

e.  Move  torches  under  rapid  traverse,  cutting  feed  rate,  or 
by  jogging  to  any  point  within  the  travel  limits 

f.  Adjust  setting  of  preheat  flame 

g.  Start  and  stop  flow  of  oxygen  and  fuel  gas  for  the  flame 
torch  or  electrical  power  and  gas  for  the  plasisa-arc  torch 

h.  Ignite  flame  torch 

1.  Actuate  plate  marking  mechanism 


3.0.0 


1II-9 


SafttT  D»vte»t 


l«eh  aachlne  shall  be  furnished  with  suitable  safety  devlcea  of 
the  latest  type.  Parts  which  are  hasardous  to  the  operator  shall 
be  aultably  guarded  where  practical.  Asiple  protection  against 
electrical  shock  shall  be  provided.  Safety  stops  limiting  extreme 
travel  of  carriage  (gantry)  and  torchheads  are  to  be  Installed. 

F.  Interchanaeabllltv 

All  replaceable  parts  shall  be  constructed  to  definite  standards, 
tolerances,  and  clearances  In  order  that  any  such  part  my  be 
replaced  or  adjusted  without  requiring  modification.  Where 
practicable,  auch  parts  shall  be  perauinently  and  legibly  marked 
with  the  manufacturer's  part  number. 

6.  Power  Supply 

Machine  shall  be  able  to  operate  properly  when  supply  voltage  Is 
off  ±  lOX  from  nameplate  valves. 
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zv-  liwiciMii  AMP  Acmrwta 


A.  ClJH»lftc<tlon  of  T€tf 

1.  f«riflc«tloii  of  ro^ulrMMnts  of  Soetlon  III 

2.  Tol«r«nec  Testa,  Section  iy.C.2. 

3.  Pcrforaenee  Tests,  Section  IT.C.3. 

B.  Test  Conditions 

Bsch  nsehlne  shell  be  tested  under  the  following  conditions  es 

specified  under  Ordering  Date  (Section  VI) : 

1.  At  aenufecturer's  plant  by  aanufacturer,  with  verified  test 
results  furnished  custosMr 

2.  At  aenufecturer's  plant  witnessed  by  eustoaer 

3.  At  custoaar's  plant 

C.  Test  Oetalls 

1.  Check  required  iteaa  specified  in  Section  III.,  not  covered 
In  Section  IV. 

2.  Tolerance  Tests  per  later  subaltted  detailed  Instructions 

3.  Perfomance  Tests  -  These  tests  are  (1)  for  testing  the 
function  accuracy  of  the  aachine  under  actual  cutting 
conditions,  and  (2)  to  prove  the  perforaance  of  the 
aachine  control  unit,  the  aachine  drive,  and  cutting 
torches . 
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TIm  aaaufaeturar  shall  furaish  a  copy  of  tha  followlag  data  for  aaeh 
purehasad  aaehlaa.  Additional  eoplas  shall  ba  fumlshad  at  purchasar's 
option. 

A.  Sealad  plan  vlaw,  front  alavatlon  and  and  elevation  with  major 
dimensions,  consisting  of  all  work  space  clearance  dimensions, 
overall  height,  width,  and  length  dimensions,  and  dimensions  of 
peripheral  equipment,  such  as  control  cabinets. 

B.  Certified  foundation  and/or  Installation  drawings,  showing  location 
and  slses  of  all  required  services  where  applicable.  Drawings  to 
be  furnished  sixty  days  prior  to  shipment. 

C.  Maintenance  Manual 

D.  Operator's  Manual 

B.  Parts  List,  Including  recommended  spare  parts  list 
F.  Blectrlcal  wiring  and  schematic  diagram 
6.  Hydraulic  and  pneumatic  circuit  schematic 

VI..  OMEEIMS  DATA 

A.  Customer's  option,  per  classification  (Section  I.B.) 

B.  Customer's  option  of  unit  of  measurement  (Section  I.D.). 

C.  Customer's  option  on  Acceptance  Tests  (Section  IV. B.) 

D.  Preservation  and  Packing 
B .  Shipping  Inatruetlons 
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To  t«k«  fullest  adventege  of  the  new  nethod  and  the  used  raw  aaterlal, 
a  few  rules  should  be  followed: 

Preferred  plate  dlaenslons  are  of  a  rectangular  else  which  can  be 
handled  by  available  foming  egulps»nt  and  which  Is  eossMrclally 
available  at  economical  cost.  The  cut  plate  should  follow  the  raw 
outline  as  much  as  Is  possible  to  avoid  waste  of  material. 

Por  easy  programming,  staggered  weld  seams  (or  butts)  should  be  avoided 
by  using  common  comer  points  on  adjoining  plates.  Today's  welding 
techniques  allow  crossover  of  seams  at  ssmll  angles,  thus  making  steps 
in  shell  seams  to  cross  deck  plates  at  right  angles  unnecessary. 

Seams  are  made  without  regard  to  being  fair  over  the  full  ship.  The 
proposed  smthod  will  create  a  fair  line  along  each  side  of  a  plate. 
Although  the  next  plate  will  again  have  a  faired  edge,  the  entire  edge 
of  two  plates  may  be  unfair,  due  to  a  slight  break  at  the  common  comer 
point.  Such  breaks  may  be  visually  detectable  only  by  looking  along  the 
seam  with  the  eye  close  to  one  end  of  It.  The  seams  do  not  affect  the 
three-dimensional  shape  of  the  plates,  which  mmy  be  produced  to  follow 
the  Ideal  hull  form.  Therefore,  seaaw  thus  produced  do  not  interfere 
with  the  hydrodynamic  properties  of  the  ship. 
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A  MthoA  1*  daseribcd,  «tMr«ia  ehr««*dUMn*lon*lly  fotMd  pl«e««  e«i.b«  cut  KO 
tht  r«qulr«d  ouclin*  with  a  aliiiMai  of  Inforaatlon,  l.o.,  on*  stral^e  lino  for 
•aeh  aid*  of  ctM  baaie  ahapa. 

Furthor,  a  torch  cutting  autchlna  ia  daacribod  which  anablaa  tho  application  of 
thla  Mthod  uaing  Cha  aaaa  inforaation  to  control  tha  alida  aovoaanta  along  tha 
aatabliahad  atraight  aldaa. 


X.  rooiuw 

Shall  placaa  for  ahip  hulla  ara  cold-foraad  on  rolla  or  praaaaa,  or  hot'foraad 
aanually  on  Jlga.  Whlla  aiapla  foraa  awy  ba  cut  along  tha  outlina  in  advanca, 
aora  coaplieatad  foraa  will  diatort  tha  outlina  conaidarably.  Soaa  fabrication 
aathoda  rag^lta  axcaaa  atoek  for  faad-in  or  gripping  purpoaaa  on  two  aidaa. 

Thaaa  raaaona,  togathar  with  tha  raquiraaant  that  tha  parta  ba  aada  with  littla 
or  no  fitting  on  tha  tidi*ac8anbly  or  aboard,  aaka  it  daairablo  that  auch  ahall 
plataa  ba  torch-cut  along  tha  aidaa  aftar  foraing. 


II.  WISTPIC  moos 

Soaa  of  thia  work  ia  praaantly  dona  by  cutting  bafora  foraiag.  raaulkiag  in 
inaccuraciaa.  ?arta  ara  alao  baing  cut  part  way  aanually  at  inatallation, 
raaulting  in  high  labor  coat  and  inaccxiraciaa.  Othar  propoaad  autoaatic  cuttiqg 
aachinaa  naad  2  or  3  axaa  of  continuoua  control.  Conaidarabla  effort  baa  to  go 
into  aathaaatically  defining  and  programing  tha  contour. 


III.  DtSCtlWlOh  or  A  IBW  MTHOD 

Tha  contoura  required  for  Joining  ahall  plataa  by  welding  can  ba  aatabliahad 
with  a  ainple  mthod. 

A  natwrk  of  linaa,  tha  location  of  i^ich  ia  govarnad  by  tha  Individual  ahall 
plataa,  la  laid  throughout  tha  entire  ahip' a  hull.  Comer  pointa  are  aatabliahad 
for  atraight- aided  trlanglaa  or  four-aided  flguraa,  auch  that  adjoining  araaa 
have  conann  aidaa.  Thaaa  araaa  follow  eloaaly  tha  particular  ahall  plate. 


If  auch  an  araa  ia  not  a  plana,  it  mat  ba  divided  into  two  trlanglaa  (aurfaca 
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plaiMa)  for  conputlng  and  control  purpoaoa  only.  A  projaeCion  of  tho  four-aldod 
araa,  its  plana  prafarably  ancloalng  ona  of  tha  triangular  planaa,  la  to  ba 
aatabliahad.  Tha  location  of  tha  corner  point,  which  la  outalda  tha  £our*aidad 
plana,  must  be  aatabliahad  in  rafarance  to  the  lattar. 


Tha  projaetad  planes  are  of  rectangular  ahapa  in  tha  aldahip  aaetlon  and  baeoM 
erapaaolda,  quadrllataral  figurea,  or  trlanglas,  toward  both  ands  of  tha  ahlp. 

Tha  fact  that  tha  aidas  of  tha  projaetad  planaa  ara  straight  aay  ba  gainfully 
utlllaed  in  building  a  burning  nuiehlna  which  is  able  to  produce  a  thraa~dlawn> 
alonal  contour  on  a  foniad  plata  by  following  straight  linaa.  Continuous  path 
contouring  by  tape  is  no  longer  nacaaaary  and  can  ba  reduced  to  point-to-point 
positioning  with  constant  speed  control  by  means  of  punch  cards,  tape,  or  pre¬ 
set  dials. 

Drawings  are  attached  to  illustrate  the  relationship  between  tha  shall  plates 
and  tha  described  planes  of  a  Halted  hull  araa.  Fig.  1  is  a  plan  view  of  this 
area.  Fig.  2  la  the  crosa-sactlon  approxlaataly  perpendicular  to  tha  plan  vlaw, 
and  Fig.  3  la  a  section  approxlaately  perpendicular  to  both  Figs.  1  and  2.  To 
siapllfy  the  problaa,  tha  corners  of  all  surface  planaa  are  laid  to  tha  inaida 
surface  of  tha  shell. 

Folnts  (1),  (2),  (3),  and  (4)  ara  the  corners  of  a  atraight-sidad  araa  which 
la  not  a  plane.  A  diagonal  (2)  -  (4)  divides  this  araa  In  two  triangular  planba, 
with  all  eomara  on  tha  shall  (5).  Flana  (2)  -  (3>  -  (4)  is  axtandad  to  aneloaa 
tha  projection  of  triangle  (1)  -  (2)  -  (4).  Tha  projaetad  four-aided  plana  is 
now  (6)  -  (2)  -  (3)  -  (4). 

Tha  planes  of  tha  shall  plates  (7)  and  (8)  have  cosaon  base  lines  with  tha  plana 
of  shell  plate  (5),  namely  (2)  -  (3)  and  (3)  -  (4)  respaetivaly .  All  shell 
plates  have  the  same  corner  points  as  their  planes,  but  My  have  curved  aides. 

A  cutting  plane  (9)  is  laid  through  the  two  adjoining  planes  approxlMtaly 
perpendicular  to  the  shell  plata  and  ending  at  tha  points  (2)  and  (3).  Tha 
angles  (10)  and  (11)  ara  to  be  noted  for  later  use  In  fabricating  tha  shall 
plates.  Said  cutting  plana  describes  a  seam  or  butt  between  two  plates  of  a 
hull.  Plane  (12)  is  another  cut  through  adjoining  plates  and  fotM,  together 
with  their  planes,  the  angles  (13)  and  (14).  These  angles  My  ba  different  for 
all  four  sides  of  a  plate  and  can  ba  chosen  to  suit  fabrication  bast,  l.e.,  a 
cut  approxiMtely  perpendicular  to  the  shell  surface. 


The  feature  of  this  method  is:  any  chosen  cutting  angle  will  produce  a  Mtchlng 
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•et  of  •••■•  on  the  two  adjoining  platas,  the  coordinate!  of  which  aaane  need 
never  be  known.  The  syaten  ia  applicable  to  both  convex  and  concave  ahapaa 
aa  well  aa  to  a  coe^ination  of  both. 


XV.  AM  APPUCATXOB  Of  THX8  MXTaOD 

Aa  waa  pointed  out  earlier,  ahell  plataa  are  to  ba  torch*cut  along  their  outline 
after  foneing.  Xn  the  following,  a  aMchina  ia  propoaad  to  do  thia  job  with  a 
minianai  of  controla.  Fig.  4  ahowa  an  and  view  of  the  wachine  looking  in  the 
direction  of  the  longitudinal  axia. 

The  baaa  (15)  haa  fixed  to  it  the  longitudinal  waya  (16)  and  the  rack  (17),  which 
ia  in  aaah  with  the  gear  (18),  driven  by  ontor  (19).  Carriage  (20)  ia  aupport 
to  aaid  aiotor  and  movaa  longitudinally.  Integral  with  the  carriage  ia  a  croaa 
beam  (21),  guiding  the  croaa lide  (22).  The  carriage  containa  alao  the  thrust 
bearing  (23)  for  the  acrew  (24),  %rhich  is  powered  by  motor  (25).  Serew>nut  (26) 
converts  the  rotation  of  the  screw  into  a  linear  motion. 

A  quill  (27),  is  mounted  vertically  in  the  erosalide,  containing  a  abaft  (28). 

The  rotation  of  thia  shaft  ia  controlled  by  a  dial  or  drive  (29).  Locking 
device  (30)  permita  holding  the  abaft  in  a  given  angular  poaition.  Tba  abaft 
carries  circular  waya  (31),  guiding  a  rocking  segment  (32)  wbicb  in  turn  allows 
a  toolholdar  (33)  to  be  a»vad  by  driva>gear  (34)  and  rack  (35).  Said  toolbolder 
carries  the  single  or  multiple  torch  (36). 

A  device  (37),  such  aa  ia  already  in  uae  on  flame  cutting  aMchlnes,  governs  tba 
drive  (34),  to  bold  the  torch  at  a  constant  distance  (38),  from  the  work-piece 
(39).  Tha  axes  of  both  shaft  (28)  and  toolholder  (33)  converge  at  any  setting 
at  a  point  (40)  which  lies  in  the  earlier  discussed  straight  side  of  the  surface 
plana  (41). 

Adjustable  supports  (42)  hold  the  work-piece  at  the  height  which  places  the 
earlier  dlscuasad  projected  plane  (43)  at  a  constant  level.  The  angle  between 
shaft  (28)  and  toolholder  (33)  ia  adjustable  by  gear  (44),  and  gear  segment  (45), 
and  'can  ba  locked  with  device  (46).  Conditions  may  require  this  angle  to  be  set 
differently  for  all' sides  of  a  work-piece. 

the  atachina  ia  now  able  to  make  movements  in  the  longitudinal  and  cross  axis, 
to  cut  shall  plates  with  a  rectangular  base  plane.  However,  straight  line 
angular  movements  in  a  horisontal  plane  can  be  executed  by  using  a  compensating 
device,  %fhich  advances  the  tool  in  ona  axis  an  amount  equal  to  the  tangent  of  the 
desired  angle,  multiplied  by  the  length  traveled  along  the  other  horisontal  axis. 
This  procedure  can  be  rapeatad  for  each  side  of  any  triangle  or  four-aided  figure. 
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IV.  Ml  AWUaTXOM  Of  THI8  HWQD  (Cont.) 

If  chs  projscctd  plans  (43)  is  noc  Idsntiesl  with  ths  surfses  plans  (41),  s 
vsrtieal  adjustnanc  of  chs  tool  has  to  bs  nads.  for  this  purpoas,  ths  quill 
(27)  contalna  a  rack  (47),  which  la  drivsn  by  s  gssr  (48).  Anothsr  eaaipsnasting 
dsvics  makss  a  vsrticsl  adjuataant  which  is  squal  to  ths  tangsnt  of  ths  sngls 
bstwssn  ths  aids  Unas  of  plansa  (41)  and  (43),  aultiplisd  by  ths  Isngth  trsvalsd 
along  tha  rsspsctlva  horlaontal  axis. 


Ths  tapsr  attachiMnt  of  a  laths  la  ons  such  known  conpsnsating  dsvics.  4  aors 
eonvsnlsnt  and,  for  this  purpoas,  sdsptabls  dsvics  is  dsacribsd  in  a  Patsnt 
Dlscloaurs  by  U.  Laupsr  dstsd  Juns  13,  1961.  Such  a  dsvics  is  auitabis  for 
sithsr  manual  or  taps  input. 


V.  OTHER  POSSim  APPLICATIOMS  OP  THIS  IMTHOD 

In  this  discloaurs,  an  application  la  dsacribsd  and  tsms  ars  uasd  partsinlng 
to  shipbuilding.  Ths  msthod  csn  bs  sppllsd  to  othar  industriss  using  thrss* 
dlmsnsionally  shapsd  skins,  shslls,  or  vssssls.  Ths  nschlns  can  bs  dsaignsd 
with  multipls  torch  hssds  and  controls  to  cMks  two  or  ax>rs  cuts  sinultansoualy, 
as  for  ths  oppoaita  aidss  of  chs  sasM  plats,  or  for  aliks  or  synastrical 
multiple  platss. 

While  an  application  for  torch  cutting  la  dsacribsd,  other  suitable  cutting 
tools  may  bs  eaq»loyed.  Ths  method  and  machine  is  also  sdaptsbls  for  Joining 
plates  by  welding  -  gaining  similar  advsntagas. 

Tha  terms  "shsllplsce"  and  "projected  plane,"  as  described,  pertain  Co  Chs 
single  one-plscs  plats.  However,  they  may  also  bs  sppllsd  to  ths  total  of  any 
number  of  asssmblsd  plates,  sspsclslly  in  the  slse  of  a  pre* fabricated  sub¬ 
assembly  as  used  in  shipbuilding. 

A  variation  of  chs  machine  design  can  be  such  Chat  a  rail  strueCura,  carrying 
the  cutting  or  welding  heads,  is  portable  end  adjustable  to  align  to  Che  seam. 


VI.  ADVAWIAGtS  OF  THIS  mVEWTlOH 

Mathematically  defining  a  ship's  hull  is  simplified,  since  in  establishing  the 
contour  of  each  individual  shell  plate,  all  but  the  corner  points  can  be 
eliminated ,  The  actual  three-dimensional  outline  of  a  shell  place  need  never 
be  established,  since  these  dimensions  are  not  needed  for  cutting  Che  part. 

Time  is  saved  in  both  defining  Che  shape  and  programming  for  following  fabrication. 
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A  oMtehlna  «•  described  hee  e  control  Mchenlem  fer  leee  complex  then  ee  required 
for  conventionel  contouring  by  continuous  control.  Coneidereble  ssvinge  should 
be  possible. 


By  employing  meehenicel  control  elements,  it  Is  possible  to  build  e  low  cost, 
semi'sutoutic  mechine  in  which  conminds  cen  be  pre*eet  with  dials. 


By  using  numerical  control,  tha  limited  emount  of  information  neaded  would 
permit  the  use  of  a  single  punch  card  per  shell  piste,  instead  of  a  longer 
te]^,  as  required  for  continuous  control. 


▼II.  NOVELTY 

Working  to  the  basic  plane  of  a  formed  part  instead  of  its  physical  contour  for 
producing  the  latter,  was  >  to  our  knowledge  •  never  attempted  before. 

While  this  method  is  claimed  to  be  new,  only  a  machine  as  described  can  fully 
utilise  the  advantages  of  this  method.  Since  no  machine  with  these  features 
is  known  to  be  existing,  novelty  is  also  claimed  for  the  design  of  a  Mchine 
which  uses  the  straight*slded  outlines  of  surface  planes  to  control  the  a»vc> 
ment  of  a  tool  holder  in  such  a  way  that  three •dimensional  contours  cen  be 
produced . 
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A  4«vie«  !•  d««crlb«d  which  fovcrnc  ehc  Ictcrcl  ■wr— cut  of  •  ■uhlnc  elide  in  ■ 
•elected  properClOB  tc  •  lea(iCudlBel  ■eveaent  of  •  eceeiid  elide  to  ebtala  a 
reeultant  angular  aeveaent. 

The  angle  and  directien  of  thie  raeultant  aewreaent  ie  edjuatable  by  aeane  of  a 
poeitioning  aachaaiaa,  eoAling  direct  eetting  of  any  daaired  cut. 


I. 


A  aa^iaa  ae  daacrlbcd  in  Diacloaure  laport  3.4.3  of  March  2d,  19d2,  (Siaplified 
Method  of  Cutting  Coatoure  of  Shall  flatee  After  Foraing)  reliae  on  tha  aaaeutiett 
of  atreightolina  parellal  or  angular  aoveaante. 

Other  burning  aaChinee  reguire  eiaultanaoue  parallel  or  angular  aoveeante  of 
aultlpla  torch  heade  for  the  production  of  etripe  out  of  plate  etock,  ae  uead  in 
•tael  conetructiona. 

Oonicel  ehapee  on  latha  work,  eepacially  when  of  eoneiderablo  length,  poee  other 
control  problaao.  ^ 


II.  mnw  mmfs 

Farallel  end  perpendicular  cute  can  of  couree  be  node  without  additional  controle 
by  aiaply  elaaping  one  elide  while  aowing  the  other  along  ite  axle.  Angular  euta 
can  be  aade  by  piecing  tha  workpiece  at  tha  deeired  angle  and  waking,  in  refarenee 
to  the  aachine  weye,  •  parallel  cut.  Thie  reguiree  conelderable  egt-up  tlaa, 
•epecielly  when  all  eidee  ere  of  different  anglee. 

It  ie  alee  poeelble  to  uee  tape  control  for  euch  aoveaente,  which  ie  a  rathar 
expeneiwe  aethod  for  operetione  of  euch  eiaplicity. 

•owe  efficiency; 


Oiwieion  of  D.A.C.) 
in  a  different 


of  May.  19d2 

.  c-r-  V ,  jC 

mt  Umatnw 


Tha  eo-called  "Taper  Attactaaent"  of  lathee  doee  thie  Job  with 
however,  it  reguiree  a  full«length  adjustable  teaplate. 

A  Patent  Diecloeure  by  W.  Lsuper  dated  June  13,  19dl,  (Rorden 
describee  a  device  capable  of  doing  tha  eaae  control  function 
nenner. 
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figur*  1  ■!»»•  th*  batle  grlnclgl*  of  thlo  control  doviea.  Along  the  longitudinal 
•xlc  of  a  MChlna  Is  a  rack  (1),  in  Mah  with  pinion  (2),  which  la  carried  hy  the 
longitudinal  allda  (3).  Whan  thla  allda  la  aevad,  the  pinion  la  cauaad  to  rotate 
and  will  tranaailt  Ita  rotation  over  a  apllna  ahaft  (4)  to  the  coupling  half  (5). 

A  aprlng  (6)  kaapa  thla  part  engaged  with  coupling  half  (7),  ceualng  a  acrew  (8) 
to  rotate . 

lotatlon  of  thla  acrew  In  turn  anwea  the  out  (9)  end  Input  atylua  (10)  In  a 
atralght  line.  A  aprlng  (11)  keepa  the  atralght*aldad  rocker  am  (12),  lAlch  la 
auapended  on  pivot  point  (13),  In  IntlaMte  contact  with  tha  Input  atylua.  A 
Ihllowar-atylua  (14),  awing  In  a  attaint  line  along  the  tranaverae  allda  (19),  la 
eonneeted  to  the  apool  (14)  of  a  eervovalve.  A  return  aprlng  (17)  keepa  tha 
follower-atylua  In  contact  with  the  rocker  am.  The  body  (18)  of  tha  aarvovalve  la 
faatenad  to  the  cylinder  (19),  the  forcea  of  lAleh  are  mactad  through  the  platen 
(20)  on  the  longitudinal  allda  (3).  Tha  tranaverae  elide  (19),  carrying  tha  toola, 
la  nounted  to  the  cylinder.  The  function  of  the  aarvovalve  la  aaaiaaad  to  be 
known  and  la  not  explained  here. 

The  poaltlon  of  the  pivot  point  (13)  and  tha  nut  (21)  depend  on  the  rotation  of 
the  acrew  (22),  governed  by  an  angle  drive  and  tranaducer  (23).  The  ratio  of 
dlatancea  of  each  atylua  to  the  pivot  point  la  a  naaaure  for  tha  angle  to  be  cut. 

■y  bringing  the  pivot  point  In  line  with  the  follower-atylua,  no  output  Movamnt 
will  raault.  Moving  the  pivot  point  beyond  the  centerline  of  the  follower-atylua 
will  revaraa  the  direction  of  the  tranaverae  travel. 

A  aero  ahlft  device  la  Incorporated,  pemlttlng  the  acrew  (8)  to  rotate  while  the 
pinion  (2)  la  In  atlllatand.  A  bevel  gear  (24)  la  nounted  on  the  acrew  (8),  In 
auch  a  way  that  If  a  handwheel  (25)  la  axially  depreaaed,  a  bevel-gear  (24)  la 
brought  In  neah  with  tha  flrat  bevel-gear.  In  thla  poaltlon,  tha  coupling  half  (9) 
la  diaengagad  fron.tha  coupling  half  (7)  by  naana  of  the  Interference  of  com  (27), 
axially  locked  to  coupling  half  (9)  a^  com  (28),  faateged  to  bevel-gear  (24). 
lotetlng  the  handwheel  In  tha  depreaeod  poaltlon  will  ctow  lateral  mvamnt  of  the 
nut  and  Input  atylue  without  uovemnt  of  the  longltudlml  allda. 

Thua,  after  aettlng  the  angle  drive,  tha  poaalbly  nla-pmltloned  mchlm  allda 
my  be  brought  Into  correct  poaltlon  while  obaarvlng  the  poaltlon  readout  for 
thla  axla.  A  aprlng  (29)  will  dlaei^ege  the  bevel-geara  and  allow  engagamnt 
of  the  coupling  upon  releaae  of  preaaure  on  tha  handwheel. 
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Figure  2  thou*  •  vtriatlOB  of  eh*  angU  tranaduear  and  drlra.  In  thia.  tha 
sera*  (22)  la  rotated  by  a  drive  (30),  idille  tiM  eagle  traaodiwer  (31)  reeelvaa 
Ita  retatloB  over  a  llaaar-to-rotary  aaohaalaa  (32),  which  la'helag  dlaplacod  by 
a  logarltbale  toaplata  (33).  Thla  teaiplate  aow  allowa  the  uaa  of  a  eoavantlonal 


poaltlon  tranaducer  with  a  linear  elmacterlatlc. 


Another  (not  ahown)  variation  la  poaalble  by  Introducing  a  roveraing  gear  In  the 
Input  for  tho  tranaverae  ■evoBant,  thua  olialnatlng  tbe  need  for  going  with  tha 
cantor  of  the  pivot  point. beyond  the  centerline  of  the  fellewer>atyluo. 


The  device  la  directly  applicable  to  a  aachlne  aa  deocrlbed  In  Dlsclocura  Inport 
3.4.3,  tdilch  eaacutea  atralght  lino  angular  or  parallel  ■ovaaenta.  On  auch  a 
aachlne  It  nay  be  required  to  control  olther  one  or  aero  out  of  two  or  aoro  aaea. 

Tha  lateral  aovaaant  of  any  asla  la  alwaya  dependent  on  the  aovaaent  along  any  ether 
aelected  asla. 


The  angle  adjuataent  aay  conalat  of  a  alapla  haadcraak  with  dial,  a  aaaually  operated 
drive  with  poaltlon  roa^t,  or  a  fully  nunerlcally  centrelled  aerveaator  with 
poaltlon  tranaducer. 

Ingagaaant  and  rotation  of  the  aero  ahlft  device  aay  alao  be  dealgned  for  raaate 
control.  If  thla  aeeaa  dealrable. 


F. 


A  aultlple  torch-head  burning  aachlne,  alallar  to  aslatlng  enea,  but  ^le  to  aako 
angular  cute,  can  be  centrelled  with  tha  deaerlbed  device.  Such  parallel  cutting 
aachlnea  are  widely  uaed  In  the  ateel  conatructlen  field  for  aiaultaaaeua  cutting 
of  let^  atrlpa  out  of  plate  atock.  Introducing  angular  aovoaenta  to  puch  aachlnory 
would  widen  their  application  coaalderably. 

Aaothar  paaalbla  application  of  thla  device  la  tha  control  of  the  croaa-allde  on 
lathaa  for  tha  production  of  conical  ahapea.  After  aettlag  tha  angle  and  the 
dlaaater  on  the  atartlag  end  of  the  cone  to  bo  turned,  engageawnt  of  tha  lei^l- 
tudlnal  feed  will  eauae  the  creaa-allda  to  aove  along  tha  aelected  angle.  Tha 
aaae  principle  nay  be  eapleyed  for  face-turning  on  latbea,  when^y  the  creOafaed 
cauaea  tha  carriage  to  aave  tha  dealred  aaount  along  the  longitudinal  asla,  thua 
producing  a  ateep  taper  on  the  workpiece. 
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Txnit  CCWML  mna  foi  mamM.  mwmn  or  »-t  stmti 
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A  control  ao  daocribod  olialoatoo  tho  nood  of  rotating  a  vorkplaea  on  tka  aBehlna 
to  koap  tho  daairad  contour  parallal  to  tho  oachlna  waya.  ruMtiona  whlek  kofora 
noodod  contlnuoua*patk  niaMrleal  control  can  now  ka  gevomad  alsply  ky  aanual  dial 
aottlnga . 


Full'capaclty  taper  attaekoanta  for  largo  lathaa  would  kacoaM  unraaaonakly  klg  and 
akkward  to  kandla,  lAaraaa  tka  daaerlkad  daviea  la  kut  a  aaall  package  taking 
advantage  of  tka  already  aslatlng  longitudinal  rack,  iapoelally  for  long  travala, 
tkla  davlca  anaklaa  coat  oavlnga  and  aaoy  kandllng. 

Baaldaa  nanually,  tkla  device  nay  alao  ka  adjuatad  ky  any  nunarlcal  control 
pealtlonlng  ayataot  If  ragulrod. 

▼II.  wowm 

It  la  clalaMd  tkat  tka  natked  of  ualng  tka  ■evawant  aloi^  one  asla  to  control  tka 
■event  of  a  aaoend  asia  parpandlcular  to  aald  flrat  asla,  ky  ■aana  of  a  ■aekanleal 
tranoMlaalon  aa  daaerlkad.  la  unlgua  and  now. 

Pwrtkar,  It  la  claiaNd  tkat  tka  natked  of  aa  aagla  adjuataant.  wklck  anaklaa  tka 
production  of  any  angle  cut  wltkln  faaalklo  liadta.  wao  navor  uaad  kofora  and  la 
novel. 


Vurtkar,  It  la  clalaod  tkat  tka  altamato  doalgn  of  tkla  angle  adjuataant,  ualng 
a  logarltknlc  taaplata  to  aaakla  tka  uao  of  atandard  traaaducora  witk  linear 
ckaractarlatlca  la  unlgua  to  tka  iavantioa  and  la  novel. 


Signed 

tkla  lOtk  day  of  May.  ltd! 
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Hamer  K.  Lauper 


Invent 
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A  procedure  !■  deecribed  by  which  the  econoeiy  of  conventlonel  end 
newly  proposed  febricetlon  methods  in  shipbuilding  esn  be  compered. 

The  purpose  of  such  e  comperison  is  to  ensble  sny  user  to  select  the 
best  equipment  for  their  yard,  based  on  an  anticipated  workload.  To 
develop  such  an  evaluation,  typical  ships  are  divided  into  typical  parts 
and  data  is  compiled  for  the  final  evaluation.  Equipment  cost,  labor  cost, 
and  all  factors  contributing  to  the  price  of  a  produced  part  are  entered. 

Special  care  is  given  to  the  fact  that  data  must  be  available  in  a  form 
to  allow  great  flexibility  and  expandability  in  the  evaluation. 
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The  ultlaete  goal  of  Contract  N0ba>4427  is  to  lower  the  cost  of 
building  ships.  The  conventional  Methods  now  used  in  this  industry 
require  relatively  low-cost  equipaent.  Oiwever,  because  of  insufficient 
accuracy  obtained,  these  same  Methods  deuand  a  great  aaount  of  Manual 
labor  -  first  in  the  actual  production  of  the  parts,  and  second  in  the 
fitting  of  these  parts  for  the  sub-asse(^ly  on  the  platen  and  for  final 
aaseably  on  the  ways. 

Methods  and  Machines  with  proMising  features  are  proposed  under  a 
different  task  of  this  Contract.  Such  Machines  of  higher  coMplexity 
(requiring  less  labor,  enabling  fabricating  of  More  accurate  parts,  and 
raising  production  rate)  can  be  obtained  only  at  a  higher  cost,  and  sust 
therefore  be  Justified  if  used  in  place  of  siapler  and  cheaper  equipMent. 
Knowledge  of  the  desiad  production  in  a  given  yard  for  a  selected  tine  is 
necessary  in  order  to  recoMMend  a  particular  type  of  equipaant  for  that 
yard.  A  stateMent  that  the  best  solution  be  found  for  producing  -  say 
10  ships,  is  not  sufficient,  since  we  have  to  be  concerned  with  different 
workloads  of  Many  yards  at  different  tines.  Sons  Methods  nay  bring  More 
advantages  to  a  particular  ship's  type  due  to  the  nuidar  or  shape  of 
parts  enployed.  It  would  therefore  also  be  false  not  to  distinguish 
between  different  types  of  ships.  It  is  sufficient  to  have  the  required 


data  preaanted  at  a  coapariaon  of  eoata,  ellalnatlng  all  factora  which 
apply  aa  an  equal  amount  to  all  methoda.  Aa  an  exaaq>le,  the  naterlal  of 
a  flnlahed  ahellplate  la  Mltted,  alnce  Ita  alee  la  certainly  the  aaam  after 
eBq>loylng  any  method;  however,  exceaa  material  required  In  the  production 
of  the  part  and  eventuiilly  waated  la  Included,  alnce  It  la  expected  to 
vary  for  aome  methoda.  The  material  uaed  for  making  Jlga  and  the  energy, 
uaed  for  the  actual  fabrication  of  parta  have  to  be  compared  with  the 
labor  and  equipment  coat,  which  require  that  all  data  muat  be  preaented 
In  dollar a. 

Baalcally,  all  ahlpa  are  built  up  of  a  number  of  conponenta  which  lo<ric 
much  alike,  although  different  In  the  actual  dlmenalona.  It  la  propoaed 
to  find  and  deacrlbe  claaaea  of  typical  workplecea  and  eatabllah  the  coat 
for  only  one  of  each  kind.  A  count  of  auch  typical  parta  will  then  be 
made  for  any  claas  ahlp,  alnce  the  type  of  ahlp  to  be  built  baa  a  bearing 
on  thla  comparlaon,  e.g. ,  a  ahlp  employing  a  great  number  of  flat  ahellplatea 
will  not  require  aa  much  enphaala  placed  on  plate  fonalng  equipment  aa  will 
a  ahlp  of  the  aaiae  alze  ualng  all  formed  platea. 

Utilizing  thla  theory,  a  coat  comparlaon  can  be  conveniently  eatabllahed 
In  a  abort  time  for  any  aelected  workload  of  any  yard.  Thla  laq>ortant 
flexibility  la  obtainable  without  additional  coat  almply  by  having  the 
aub-totala  available  In  the  ax>at  uaeful  form.  It  la  poaalble  to  aelect 
the  beat  equipment  to  build  any  one  ahlp,  any  number  of  auch  yhlpa,  or 
any  combination  of  any  nuaber  of  ahlpa. 
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Typical  workplaoa  aa  oceuring  on  Herchant  and  Navy  Ships  will  be  eensiderad. 
Fabrication  aethods  representative  of  the  averajie  for  the  entire  shipbuilding 
industry  will  be  used  to  establish  aost  of  the  fabrication  costs.  Data  of 
these  aethods  will  be  obtained  froa  the  appropriate  sources.  Productibn 
costs  for  aethods  vaing  equlpaent  not  yet  existing  will  be  established  by 
estiaating. again  considering  average  conditions  in  line  with  aost  yards. 

This  report  covers  the  cutting  and/or  fomlng  of  shellplates,  deckplates, 
floors,  bulkheads,  and  fraaes.  The  coaparison  starts  with  the  lofting  already 
done  and  available  as  offsets,  and  ends  with  the  flt-up  on  the  ways,  but 
does  not  Include  welding.  The  cost  coaparison  between  aathenatlcal  and 
graphical  lofting  is  the  subject  of  another  report  and  is  not  treated  herein. 
The  procedure,  showing  how  the  problea  of  cosq>aring  costs  was  attacked,  is 
a  sathod  for  obtaining  the  data  only.  Final  conclusions  and  reconaendations 
cannot  be  drawn  yet,  since  the  true  estlaated  figures  are  not  available  as 
of  this  writing. 

In  Section  II,  the  oathod  of  selecting  typical  workpieces  and  their 
application  on  typical  ships  is  explained.  Direct  production  costs  consisting 
of  labor,  material,  and  energy  used  for  the  aanufacturlng  operation  of  such 
typical  workpieces,  as  well  as  for  needed  tooling,  are  treated  in  Section 
III.  The  equlpaent  cost  for  standard  or  special-built  units  is  the  subject 
of  Section  IV.  The  application  of  these  compiled  data  for  any  yard,  together 
with  a  procedure  for  the  evaluation  of  different  fabrication  swthods,  are 
treated  in  Sections  V  and  VI  of  this  report. 
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SECTION  II 


METBOD  FOR  SELECTING  TYPICAL  WORKPIECES  REUTING  TO  ANY  SHIP  CLASS 


The  workpieces  of  a  ship  which  we  are  considering  in  this  evaluation 
are  the  frames,  as  well  as  the  plates  for  the  shell,  floors,  bulkheads 
and  decks.  In  any  group  of  these  workpieces,  several  can  be  found  with 
sizes  of  sufficient  similarity  to  allow  them  to  be  considered  typical. 

Forms  7/8-1  A  through  C*  give  the  description  of  such  typical  workpieces. 
Plates  will  be  grouped  by  their  perimeter  because  this  length  is  a  direct 
measure  for  the  cutting  time.  Sub-grouping  is  siade  for  formed  shellplates 
according  to  their  maximum  curvature,  which  is  a  direct  criterion  for  the 
difficulty  in  forming.  BuEdteads,  floors,  and  deckplates  are  also  grouped 
according  to  the  complexity  of  their  outline.  An  average  thickness  of 
3/4"  for  shellplates  and  of  1/2"  for  bulkheads,  floors  and  deckplates  is 
assumed  for  estimation  purposes.  This  approximation  is  permissible  and 
greatly  slaq>llfies  estimating.  Frames  will  be  classified  by  their  cross 
section  and  curvature,  for  both  single  and  reversed  bends. 

Sufficient  typical  workpieces  must  be  established  for  the  utilization 
of  this  SKthod  on  any  type  of  existing  surface  ship  -  both  military  and 
commercial. 

Since  all  types  of  ships  can  be  considered  built  of  typical  workpieces. 


* 


See  Appendix  A  for  sample  forms. 
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a  cost  coaparlson  can  be  eaally  establiahed  if  the  nuaber  of  typical 
workpieces  is  known. 

Fora  7/8-2  serves  the  purpose  of  making  t'.;3  count  of  such  workpieces 
for  each  type  of  ship.  This  data  aust  be  based  aainly  on  available 
ship  plans-and  on  the  experience  of  the  Naval  Architect.  It  can 
be  established  in  advance  for  all  known  ship  types,  while  newly- 
developed  ships  can  be  estimated  at  ai^  future  date. 
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SECTION  III 


ESTIMAIINS  PRODUCTION  COSTS 

All  practical  fabrication  aiethods  for  each  workpiece  group  are  listed  on 
Foni  7/8-4.  Soae  of  these  aethods  are  characteristic  of  and  identified 
by  certain  aakes  of  Machines,  such  as  the  "Hugh  Ssdth"  Cold  bender. 
Besides  the  conventional  aethod  of  cutting  the  developed  shellplate 
before  foraing,  a  aethod  of  cutting  after  foralng  is  proposed  and  also 
listed. 

On  Fora  7/8-3  data  is  entered  for  each  typical  workpiece  and  aethod, 
detailed  as  Indicated.  The  breakdown  is  to  be  as  coi^>lete  as  possible, 
including  production  Jigs,  inspection  tem>lates,  but  without  including 
the  cost  of  the  basic  aachine.  Parts  lofting,  either  graphically  or  aathe- 
aatlcally  (the  latter  divided  into  operator  and  cos^uter  tiae),  is  listed, 
as  well  as  drafting,  prograaalng  for  tape  control,  or  other  preparatory 
functions,  to  establish  sufficient  fabrication  data.  The  production  of  the 
actual  workpiece  requires  labor  and  energy,  both  of  which  are  to  be  listed 
separately.  Excess  Material  required  in  foralng  or  cutting  of  parts  but 
eventually  wasted  is  included;  it  does  not  include  the  aaterlal  for  the 
finished  part.  Labor  is  required  for  handling  the  workpieces  as  a  single 
part  as  well  as  on  the  sub-asseably  and  on  the  final  assei^ly  on  the  wiqrs, 
while  fitting  of  the  parts  requires  labor  on  both  sub-assei^ly  and  aboard. 

Costs  for  individual  operations  any  be  oaitted  only  if  they  apply  in  equal 
aaounts  to  all  considered  aethods. 
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All  above  entrlea  are  then  added  in  the  following  aub-totala  for  each 
fabrication  aethod: 


A.  Non>recurring  coats,  consisting  of  production-  and  inspection¬ 
tooling,  and  work  preparation. 

B.  Recurring  costs,  under  which  are  listed  all  actual  fabrication 
and  which  cannot  be  avoided  by  nultiple  fabrication. 

C.  Learning  costs,  consisting  of  the  additional  tiae  required 

to  sake  the  first  one  of  each  ship  class.  These  costs  coaprise 
a  certain  percentage  of  the  production  operation,  the  fitting 
on  the  platen  and  on  the  ways. 

While  estlaated  data  for  soae  of  the  workpieces  are  entered  on  these 
foras,  aore  data  can  be  established  by  interpolation  and  all  together 
are  collected  in  Fora  7/8-6. 
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ESTIMATIliG  EOPimEHT  COSTS 

Fora  7/8>5  la  prepared  for  the  cost  conpllatlon  of  equipaent  used  in 
the  fabrication  of  fraaea  and  plates. 

The  actual  cost  of  both  standard  and  speclally-aade  equlpaent  aust 
be  considered.  Prices  of  standard  aachlnes  are  based  upon  actual 
quotations  as  far  as  they  are  available.  The  cost  of  non-standard 
and  speclally-aade  equlpaent  will  be  estlaated  after  aaklng  prellalnary 
dealgn  studies.  Consideration  Is  given  to  the  fact  that  under  high  or  ssil- 
tlple-yard  production,  several  aachlnes  would  have  to  be  purchased  or  built 
peralttlng  a  distribution  of  the  design  and  tooling  costs  for  the  specially- 
built  aachlnes  over  a  greater  nuifcer  of  units,  thereby  lowering  the  per-unit 
price. 

Because  aaortlzatlon  of  design  and  tooling  does  not  always  coincide  with 
the  nuaber  of  aachlnes  Initially  built,  the  price  based  on  any  desired 
pro-rating  aust  be  established.  The  cost  for  building  Is  divided  between 
setup  and  actual  production  cost  of  one  aachlne,  to  enable  the  establlshaent 
of  the  aachlne  price  for  any  nuaber  of  aachlnes  built  at  the  saae  tlae. 

Since  we  are  coaparlng  slaple  aachlnes  and  aethods  agalmt  «are  sophisticated 
equlpaent,  the  costs  for  aaintenance,  overhaul,  storage,  and  aaortlzatlon 
of  equlpaent  will  differ  greatly.  Maintenance  costs,  excluding  aajor 
overhauls,  are  estlaated  for  one  year,  e.g. ,  for  a  slaple  Jig,  this  cost 


3.0.0 


IV-1 


will  be  nil,  while  for  a  roll  It  will  consist  of  lubrication  of  the 
transad.ssion.  On  a  nuaerlcally  controlled  and  hydraulically  powered 
■schlne,  aalntenance  will  consist  of  replaceMnt  of  electronic  parts 
In  the  control  systea,  lubrication,  and  refilling  of  hydraulic  fluid. 

The  aangr  coaponents  will  require  mate  frequent  aalntenance  and  aust 
therefore  be  considered.  If  a  building  Is  required  for  the  proper 
functioning  of  the  equlpaent  or  for  storage  while  not  in  use,  such  cost 
Bust  also  be  entered  for  purpose  of  this  coaparlson. 

Anticipated  hreakdownsof  the  equlpaant  because  of  wear  or  aging  aust 
be  prevented  by  a  aajor  overhaul  at  the  aost  econoalcal  tlae  prior  to 
such  breakdown.  This  overhaul  aay  consist  of  replacing  bearings,  ways, 
antors,  seals,  hoses,  or  entire  sub>aKxlules  In  any  part  of  the  systea. 
Olsasseaiillng  of  the  equlpaant  for  cleaning  and  inspection  purposes  and 
re^allgnaent  auiy  also  be  part  of  such  an  overhaul.  The  nuid>er  of  years 
between  overhauls  varies  for  the  different  types  of  equipaant  and  is 
therefore  also  entered.  An  aaortisatlon  period  -  not  for  taxing  purposes, 
but  based  on  the  actual  life  expectancy  and  usefulness  -  Is  estlaated 
and  entered  to  conclude  the  basic  Inforaatlon  of  Fora  7/8-5. 

This  data  Is  now  used  to  calculate  wore  and  directly  applicable  costs 
such  as  needed  for  a  later  evaluation. 
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SRCTIOM  V 

SELECTDIS  WORKLOAD  OF  YARDS 


The  lest  preperetion  for  the  cost  evsluetion  Is  to  select  the  workload 
of  ell  considered  shipyards  for  a  given  period.  Past  perfonsance  and 
existing  contracts  will  furnish  the  data  for  establishing  the  best 
possible  workload  forecast  If  the  sMthod  of  bidding  and  granting  of 
contracts  Is  to  be  sulntalned  as  practiced. 

The  nunber  of  different  ship  types  and  all  yards  under  consideration 
are  entered  on  Fora  7/8-10.  The  nuaber  of  ships  which  aust  be  built 
In  any  given  yard  will  be  decisive  In  the  selection  of  the  needed 
equlpaent  for  said  yard. 
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ggqXQM  VI 

EVALDAimG  COST  DATA 


By  niltlpllcaelen,  the  productlm  coet  of  all  plates  and  fraiaes  for  any 
class  ship  can  be  established  from  information  developed  on  Form  7/8>6 
(Workpiece  Cost,  Interpolated),  and  Form  7/8-2  (Workpieces  of  a  Typical 
Ship) . 

Some  of  the  employed  fabrication  methods  may  not  be  capable  of  producing 
all  of  the  needed  parts  in  one  group,  and  certain  methods  may  be  e^loyed 
economically  only  for  part  of  a  workpiece  group,  while  the  remaining 
parts  are  best  produced  by  a  different  nmthod.  Thus,  a  combination  of 
several  methods  may  best  serve  our  purpose.  In  such  a  combination,  as 
many  parts  as  possible  should  be  amde  by  a  preferred  method,  leaving 
the  balance  to  second  and  third  choice  methods,  if  required. 

In  filling  out  Form  7/8-7,  the  costs  are  entered  only  in  the  places  where 
they  are  selected  to  apply,  and  care  must  be  exercised  to  prevent  dupli¬ 
cation  or  Che  osdsslon  of  aiqr  part  among  the  different  choices  of  fabri¬ 
cation  methods.  It  aust  be  remembered  chat  the  method  indicating  the 
lowest  figures  on  Form  7/8-6  is  not  always  the  most  favorable.  As  an 
example,  a  particular  method  may  be  best  for  a  few  parts  only,  while  most 
reswinlng  parts  require  different  equipment  for  their  production.  Instead 
of  buying  Che  equipment  for  both  methods,  Che  few  parts  may  also  (but  at 
a  higher  cost)  be  made  on  the  equipment  which  is  definitely  needed  to  amke 
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all  tha  raBBlaiag  parta,  thua  raducing  tha  overall  coat. 

Such  aanauvarliig  of  data  haa  to  be  laft  to  the  Judgaent  of  the  peraon 
■aklng  the  evaluation.  It  la  alao  reconaanded  to  follow  aeveral  eoablna* 
tlona  and  ualng  their  reaulta  for  further  evaluation  of  still  other 
coablnatlona  and  ratloa. 

Filling  otit  Form  7/8>7  may  be  conaldered  the  most  Important  atep  In  the 
procedure,  making  It  poaalble  to  adapt  to  exlatlng  condltlona. 

An  evaluation  of  the  prevloualy  eatabllahed  data  may  be  made  In  two 
different  waya,  aa  ahown  In  the  following  flow  charts; 

A.  Figure  1  gives  the  lnter*connectlon  of  the  function  and  associated 
forms  for  a  alngle«>type  ship  production,  In  which  all  fabrication 
methods  are  compared,  based  on  a  varying  number  of  a  particular 
ship  type  to  be  built.  These  data  will  show  which  ships  have 
similar  cost  characteristics.  The  resultant  Infonaatlon  Is 
directly  applicable  to  a  yard  specialising  In  a  given  type  ship 
only.  Sufficient  orders  available,  such  a  yard  in  anticipated 

to  work  most  efficiently.  Form  7/8^8  Is  a  table  tor  the  comparison 
of  these  results,  using  data  from  Forms  7/8*5  and  7/8*7  while 
Form  7/8*9  presents  the  same  Information  graphically. 

B.  Figure  2  shows  the  functions  and  forms  for  a  multiple-type  ship 
production,  In  which  the  fabrication  methods  are  compared,  based 
on  any  selected  workload  for  any  yard.  Such  Information  Is  taken 
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Pig.  1  Foras  Used  for  the  Cost  Analysis  for  Single-Type  Ship  Production 
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Fora  7/8-lA,B,Ct 
Di8CRZPri(M  or 

TYPICAL  UOtKPZECES 


Fera  7/8-10 
WCttKLOAD  OF  ALL  TA8D8 


Fora  7/8-2 
WORKPIECES  OF 
A  TYPICAL  SHIP 


Fora  7/8-4 
CODE  HUHBERS  FOR 
PRODDCTIOM  METHODS 


Fora  7/8-3 
WORKPIECE  COST 
ESTIMATED 


Fora  7/8-6 
WORKPIECE  COST 
IMTERPOLATED  &  COLLEOBl 


Fora  7/8-5 
EQUIRlEin'  COST 


Fora  7/8-7 
PRODUCTION  COST 
FOR  SELECTED  SHIP 


Fora  7/8-11 
COST  EVALUATION  - 
MULTIPLE  -TYPE 


Fora  7/8-12 
COST  EVALUATION 
NDLTmJC<iTYIE 
SHIP  PRODUCTION  (GRAPH)! 


Fig.  2  Forat  Usod  for  cho  Coot  Analyaia  for  liulglpiA-VFpA  Stiip  Prodtvetlon 


r 
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from  Fatmo  7/8>5»  7/8>7,  and  7/8*10  and  antarad  on  ,Fo»  7/8*11. 

Bara  again,  tha  raaulta  ara  In  tha  fora  of  a  tabla,  whlla  Fora  7/8* 
12  praaanta  tha  aaae  Inforaatlon  graphically. 

Ualng  tha  production  rata  froa  Fora  7/8*7,  tha  nuad>ar  of  unlta  of  equlpaant 
naadad  for  aach  aathod,  working  ona,  two,  or  thraa  ahlfta,  can  ba  aaally 
aatabllahad. 

Conclualona  and  reeoaaandatlona  for  aqulpaant  will  ba  aada  aftar  all  data 
ara  coapllad  and  will  ba  tha  aubjact  of  a  aapanta  raport. 


OMTENTS  OF  APPENDIX  A 


FORM 

7/8-lA 

DESCRIPTION  OF  TYPICAL  WORKPIECES  - 
con  NUMBERS  FOR  SHELLPLATES 

7/8-lB 

INSCRIPTION  OF  TYPICAL  NDRXPIECES  - 

con  NUMBERS  FOR  BULKHEADS.  FLOORS,  nCXPLATES 

7/8-lC 

DESCRIPTION  OF  TYPICAL  WORKPIECES  - 
con  NIMBERS  FOR  FRAMES 

7/8-2 

WORKPIECES  OF  A 

TYPICAL  SHIP 

7/8-3 

WORKPIECE  COST, 

ESTIMATED 

7/8-4 

CODE  NIMBERS  FOR  PRODUCTION  METHODS 

7/8-5 

EQUIPMENT  COST 

7/8-6 

WORKPIECE  COST, 

INTERPOLATED  AND  COLLECTED 

7/8-7 

PRODUCTION  COST 

fOm  SELECTED  SHIP  TYPE 

7/8-8 

COST  EVALUATION 

-  SINGLE -TYPE  SHIP  PRODUCTION 

(TABLE) 

7/8-9* 

COST  EVALUATION 

-  SINGLE  TYPE  SHIP  PRODUCTION 

(GRAPH) 

7/8-10 

WORKLOAD  OF  ALL 

YARDS 

7/8-11 

COST  EVALUATION 

-  MULTIPLE-TYPE  SHIP  PRODUCTION  (TABLE) 

7/8-12* 

COST  EVALUATICM 

-  MULTIPLE -TYPE  SHIP  PRODUCTION  (CTAPH) 

*NoC  Included  herein.  These  forms  ere  prepared  after  all  Informa 
tlon  is  collected  as  outlined  by  this  report. 
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OB  VoxM  7/8-3,  c&d  eater  data  fior  each  Method  on  fozM  7/8-6. 
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eater  directly  on  lyw*  7/8-6. 

Material:  Mild  Bteel,  l/V*  thick 
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MBCBiPTiiw  or  TiyiciL  wnrriTOB 

ooBE  waamB  for  mumaB,  raocaa.  mckfiambs 


tiM,  mtarlal,  and  r»q:aix«d  enarar  to  jzodace  aiboro- 
elxelad  parta  oa  Fox*  7/8*3/  *&d  anter  data  for  aaeh  aatliod  oa 
Fdzs  7/8*6. 


lataxpolata  aoa>elrelad  bat  llatad  parta,  using  data  froa 
Font  7/8*3,  and  antar  dlxaetly  on  Foza  7/8*6. 

All  platas  ara  flat. 

Matarlal:  Mild  Staal,  l/2 '  thick 
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Operation  PeAcrlptlon:  L  =  Labor 

M  >  Material 

Quantity, 

E  3  Energy 

Ihilte,  end 

BoUars 
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■Wh  Price 
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Froduotlon  Tooling 
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